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Description 

Background of the Invention 

5 Throughout this application various publications are referenced by full citations within parentheses. The disclosures 

of these publications in their entireties are hereby incorporated by reference In this application In order to more fully 
desaibe the state of the art to which this invention pertains. 

Pharmacological studies, and more recently gene cloning, have established that multiple receptor subtypes exist 
for most, if not all, neurotransmitters. The existence of multiple receptor subtypes provides one mechanism by which a 

w single neurotransmitter can elicit distinct cellular responses. The variation in cellular response can be achieved by the 
association of individual receptor subtypes with different G proteins and different signalling systems. Further flexibility 
is provided by the ability of distinct receptors for the same ligand to activate or inhibit the same second messenger sys- 
tem. 

Individual receptor subtypes reveal characteristic differences in their abilities to bind a number of ligands, but the 
15 structural basis for the distinct ligand-binding properties is not l^nown. Physiologists and pharmacologists have 
attempted to specify particular biological functions or anatomical locations for some receptor subtypes, but this has met 
with limited success. Similarly, the biochemical mechanisms by which these receptors transduce signals across the cell 
surface have been difficult to ascertain without having well-defined cell populations which express exclusively one 
receptor subtype. 

20 While all the receptors of the serotonin type recognize serotonin, several pharmacologically distinct subtypes of 
serotonin receptors have been identified, and given a classification name 5-HTx. where X identifies the subtype. In 
many cases, these subtypes have been or will be associated with single gene products, but in some cases a single sub- 
type may be found to contain several different receptor proteins (gene products) or two different subtypes may be later 
shown to arise from different properties of the same receptor protein which are exhibited when it is expressed in differ- 

?5 ent tissue environments. In many cases, different serotonin receptor subtypes have been shown to couple to different 
second messenger pathways that are linked through guanine-nucleotide regulatory (G) proteins. 

Radioligand filtration binding techniques have been employed for over ten years in an effort to more completely 
characterize receptor subtypes within the serotonin receptor family (Schmidt and Peroutka. FASEB J. 3:2242 (1989)), 
Using these methods, two broad classes of G protein-coupled serotonin receptors have been described. 5-HT^. and 5- 

w HT2. These differ in their selectivity for drugs. S-HT^ receptors display high (nanomolar) affinity for serotonin and can 
be labeled with [ HJ5-HT 5-HT2 receptors display low affinity for serotonin but have high (nanomolar) affinity for antag- 
onists such as Ketanserin, Mesulergine. Metergoline and d-LSD. 

Within the S-HT^ receptor class, several subtypes have been distinguished on the basis of their pharmacological 
binding profiles, second messenger coupling and physiological roles. One such subtype, the 5-HTid receptor, was orig- 

f5 inally defined as a particular type of [^H]5-HT binding site in the bovine caudate (Heuring and Peroutka, J. Neurosci. 
7:894 (1987)). This definition was not based on properties of a single purified receptor protein or single gene product, 
but rather was based on experimental observations in a model tissue. As discussed below, later research has shown 
that there may be multiple receptor proteins (known as subtypes) within this model tissue, all of which contribute to the 
binding profile that was used to define the 5-HTid receptor 

0 The 5-HT1D receptor subtype has been shown to inhibit adenylate cyclase activity (Schoeffter. P and Hoyer D 
Naunyn-Schmiedeberg's Arch. Pharmacol. 340:285 (1989)). The S-HT^o receptor subtype has also been characterized 
in guinea pig (Waeber, et al. Naunyn-Schmiedeberg's Arch. Pharmacol. 340:479-485 (1989)), pigeon (Waeber. 1989). 
pig (Waeber, et al. Naunyn-Schmiedeberg's Arch. Pharmacol. 377:595-601 (1988)). calf (Waeber, et al. (1988)) and 
human brain (Waeber, et al. (1988); Herrick-Davis and Titeler, J. Neurochem. 50:1624-1631 (1988)). Among the other 

5 serotonin receptor subtypes, the S-HT^ a. and 5-HTib receptors inhibit adenylate cyclase, and 5-HTic and 5-HT2 recep- 
tors activate phospholipase C pathways, stimulating breakdown of polyphosphoinositides (Schmidt and Peroutka 
FASEB J. 3:2242 (1989)). 

The pharmacological actions of sumatriptan (GR43175), a new anti-migraine medication under development by 
Glaxo Pharmaceutical Corp., have been linked to the 5-HTid receptor site (Peroutka and McCarthy. Eur. J. Pharmacol- 

7 ogy 163:133 (1989)): Schoeffter and Hoyer. Naunyn-Schmiedeberg Arch. Pharmacology 340:135 (1989)). Recently, 
one report has shown that the S-HT^d binding site of piglet caudate could be sutxJivided into two sites, based on the 
binding affinities of sumatriptan and 5-carboxamidotryptamine (5-CT) (Sumner and Humphrey. Br J. Pharmacol. 98:29 
(1989)), One of these binding sites, with low affinity for sumatriptan and 5-CT resembles the 5-HTie site of human cor- 
tex (Leonhardt, Herrick-Davis and Titeler, J. Neurochem. 53:465 (1 989)) while the binding site with high affinity for these 

> compounds resembles the classic 5-HTio receptor and the site of action of sumatriptan. 

Another study, by Xiong and Nelson (Life Sci. 45:1 433-1 442 (1 989)) indicated that a high affinity [^HJS-HT binding 
site in the rabbit caudate, termed the S-HTip, binding site, is similar to. but pharmacologically distinct from, the S-HT^p 
binding site described in the bovine caudate. Those authors presented data indicating tfiat two drugs, spiperone and 
spirilene, exhibited significantiy lower affinity for the 5-HTi p, binding site than for the 5-HTio receptor and noted several 
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other differences in binding properties betweeen these sites. Investigation of the bovine caudate in light of these find- 
ings led to the conclusion that there may be a component of the 5-HTio receptor in bovine caudate that represents a 
5-HTiR binding site. Alternatively, the authors speculated that the S-HT^q binding site in the bovine caudate may be a 
heterogenous group of sites with similar properties. As noted by the authors, it is dear that additional work will be need 
to clarify these issues. 

A gene for a G protein-coupled receptor was recently isolated by Libert, et al. from a dog cDNA library (Science 
244:569-572, 1989). This gene, termed the RDC4 gene, was not expressed by these authors, and therefore no charac- 
terization of the properties of the protein encoded by this gene was made. The dog RDC4 gene was isolated and 
expressed by the applicants, and was determined by the applicants to encode a 5-HTio receptor (not published). 

The serotonin 5^HTid receptors belong to a family of receptors which are distinguished by their seven-transmem- 
brane configuration and their functional linkage to G-proteins. This family includes rhodopsin and related opsins (Nath- 
ans, J. and Hogness. D.S.. Cell 34:807 (1983)). the a and p adrenergic receptors (Dohlman. H,G.. et al.. Biochemistry 
26:2657 (1987)), the muscarinic cholinergic receptors (Bonner, Tl., et al.. Science 237:527 (1987)), the substance.K 
neuropeptide i-eceptor. (Masu. Y. et al.. Nature 329:836 (1987)). the yeast mating factor receptors. (Burkholder, A.C. 
and Hartwell. LH.. Nucl. Acids Res. 13:8463(1985); Hagan, D.C.. et al.. Proc. Natl. Acad. Sci. USA 83:1418 (1986)); 
Nakayama. N. et al.. EMBO J. 4:2643 (1985)). and the oncogene c-mas. (Young, et al.. Cell 45:71 1 (1986)). Each of 
these receptors is thought to transduce extracellular signals by interaction with guanine nucleotide-binding (G) proteins 
(Dohlman, H.G.. et al.. Biochemistry 26:2657 (1987); Dohlman. H.G.. et al., Biochemistry 27:1813 (1988); O'Dowd, 
B.F., et al.. Ann. Rev. Neurosci,. in press). 



Summary of the Invention 



This invention provides an isolated nucleic acid molecule encoding a human 5-HTid receptor. 
This invention also provides an isolated protein which is a human S-HT-id receptor. 

This invention provides a vector comprising an isolated nucleic acid molecule encoding a human 5-HT-iq receptor. 

This invention also provides vectors such as plasmids comprising a DNA molecule encoding a human 5-HTid 
receptor, adapted for expression in a bacterial cell, a yeast cell, or a mammalian cell which additionally comprise the 
regulatory elements necessary for expression of the DNA in the bacterial, yeast, or mammalian cells so located relative 
to the DNA encoding a human S-HT^q receptor as to permit expression thereof. 

This invention provides a mammalian cell comprising a DNA molecule encoding a human 5-HTio receptor. 

This invention provides a method for determining whether a ligand not known to be capable of binding to a human' 
5-HTid receptor can bind to a human 5-HTid receptor which comprises contacting a mammalian cell comprising a 
DNA molecule encoding a human 5-HTiq receptor with the iigand under conditions permitting binding of ligands known 
to bind to the 5-HT^d receptor, detecting the presence of any of the ligand bound to the 5-HTtd receptor, and thereby 
determining whether the ligand binds to the 5-HTid receptor. 

This invention also provides a method of screening drugs to identify drugs which specifically interact with, and bind 
to. the human 5-HTid receptor on the surface of a cell which comprises contacting a mammalian cell comprising a DNA 
molecule encoding a human S-HT^d receptor on the surface of a cell with a plurality of drugs, determining those drugs 
which bind to the mammalian cell, and thereby identifying drugs which specifically interact with, and bind to, the human 
5-HTiD receptor. 

This invention provides a nucleic acid probe comprising a nucleic acid molecule of at least 15 nucleotides capable 
of specifically hybridizing with a sequence included within the sequence of a nucleic acid molecule encoding a human 
5-HTio receptor. 

This invention also provides a method of detecting expression of a S-HT^q receptor on the surface of a cell by 
detecting the presence of mRNA coding for a S-HT^q receptor which comprises obtaining total mRNA from the cell and 
contacting the mRNA so obtained with a nucleic acid probe comprising a nudeic acid molecule of at least 15 nude- 
otides capable of spedfically hybridizing with a sequence included within the sequence of a nucleic acid molecule 
encoding a human 5-HTiq receptor under hybridizing conditions, detecting the presence of mRNA hybridized to the 
probe, and thereby detecting the expression of the 5-HTio receptor by the cell. 

This invention provides an antisense oligonucleotide having a sequence capable of binding specifically with any 
sequences of an mRNA molecule which encodes a human S-HTiq receptor so as to prevent translation of the mRNA 
molecule. 

This invention provides an antibody directed to the human 5-HTid receptor. 

This invention provides a transgenic nonhuman mammal expressing DNA encoding a human S-HT^q receptor. This 
invention also provides a transgenic nonhuman mammal expressing DNA encoding a human 5-HTiq receptor so 
mutated as to be incapable of normal receptor activity, and not expressing native 5-HTi q receptor. This invention further 
provides a transgenic nonhuman mammal whose genome comprises antisense DNA complementary to DNA encoding 
a human 5-HTio receptor so placed as to be transcribed into antisense mRNA which is complementary to mRNA 
encoding a 5-HTio receptor and which hybridizes to mRNA encoding a 5-HTid receptor thereby reducing its transla- 
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tion. 

this invention provides a method of determining the physiological effects of expressing varying levels of human 5- 
HTiD receptors which comprises producing a transgenic nonhuman animal whose levels of human S-HTip receptor 
expression are varied by use of an inducible promoter which regulates human 5-HTid receptor expression. This inven- 
tion also provides a method of determining the physiological effects of expressing varying levels of human 5-HTid 
receptors which comprises producing a panel of transgenic nonhuman animals each expressing a different amount of 
human S-HT^d receptor. 

This invention provides a method for diagnosing a predisposition to a disorder associated with the expression of a 
specific human S-HT^p receptor allele which comprises: a.obtaining DNA of subjects sufferingfrpm the disorder; b.per- 
forming a restriction digest of the DNA with a panel of restriction enzymes; c.electrophoretically separating the resulting 
DNA fragments on a sizing gel; d.contacting the resulting gel with a nucleic acid probe capable of specifically hybridiz- 
ing to DNA encoding a human 5-HTid receptor and labelled with a detectable marker; e.detecting labelled bands which 
have hybridized to the the DNA encoding a human S-HT^d receptor labelled with a detectable marker to create a unique 
band pattern specific to the DNA of subjects suffering from the disorder; f.preparing DNA obtained for diagnosis by 
steps a-e; and g.comparing the unique band pattern specific to the DNA of subjects suffering from the disorder from 
step e and the DNA obtained for diagnosis from step f to determine whether the patterns are the same or different and 
thereby to diagnose predisposition to the disorder if the patterns are the same. This method may also be used to diag- 
nose a disorder associated with the expression of a specific human S-HT^d receptor allele is diagnosed. 

This invention provides a method of preparing the isolated 5-HTid receptor which comprises inducing cells to 
express S-HT^o receptor, recovering the receptor from the resulting cells, and purifying the receptor so recovered- This 
invention provides a method of preparing the isolated S-HT^p receptor which comprises inserting nucleic acid encoding 
5-HTiD receptor in a suitable vector, inserting the resulting vector in a suitable host cell, recovering the receptor pro- 
duced by the resulting cell, and purifying the receptor so recovered. 

This invention provides an antisense oligonucleotide having a sequence capable of binding specifically with any 
sequences of an mRNA molecule which encodes a receptor so as to prevent translation of the mRNA molecule. 
This invention also provides a transgenic nonhuman mammal expressing DNA encoding a receptor. 
This invention further provides a transgenic nonhuman mammal expressing DNA encoding a receptor so mutated 
as to be incapable of normal receptor activity, and not expressing native receptor. 

This invention provides a method of determining the physiological effects of expressing varying levels of a receptor 
which comprises producing a transgenic nonhuman animal whose levels of the receptor expression are varied by use 
of an inducible promoter which regulates receptor expression. 

This invention also provides a method of determining the physiological effects of expressing varying levels of a 
receptor which comprises producing a panel of transgenic nonhuman animals each expressing a different amount of 
the receptor. 

This invention further provides transgenic nonhuman mammal whose genome comprises antisense DNA comple- 
mentary to DNA encoding a receptor so placed as to be transcribed into antisense mRNA which is complementary to 
mRNA encoding the receptor and which hybridizes to mRNA encoding the receptor thereby preventing its translation. 

This invention provides a method for determining whether a ligand not known to be capable of binding to a receptor 
can bind to a receptor which comprises contacting a mammalian cell comprising an isolated DNA molecule encoding a 
receptor with the ligand under conditions permitting binding of ligands known to bind to a receptor, detecting the pres- 
ence of any of the ligand bound to the receptor, and thereby determining whether the ligand binds to a receptor. 

Brief Description of the Figures 

45 Figure 1 . cDNA clones representing gene S-HTid.^ (gene 8-30-84). 

Two cDNA clones were isolated from a human hippocampus (hH) library by screening approximately 10® recom- 
binants in a Lamtxla Zap II vector. Clones hH-13 and hH-46 spanned the entire coding region of gene 5-HTid-i. The 
seven presumed a-helical membrane-spanning domains {TM-1 to TM-7) are shown and are separated by extracellular 
50 (01 -o4) and intracellular (i1 -14) loops. 
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Figure 2. Restriction map of gene 5-HTid.2 (gene 1 1). 



55 



Clone hP-11, containing approximately 15 klobase (kb) of human genomic DNA was obtained by screening 
approxinriately 2x10® recombinants from a Lambda Fix II human placental (hP) genomic library (Stratagene) with the 
"I.Skb Hind Ill-Sph-I dog RDC4 probe. The seven presumed a-helical membrane-spanning domains (TM-1 to TM-7) of 
the deduced amino acid sequence are shown below and are separated by extracellular (o1-o4) and intracellular (i1-i4) 
loops. Restrictions sites are indicated. 
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Rgure 3. Nucleotide and deduced amino acid sequence of gene S-HT^q.^ (gene 8-30*84). 



Numbers above the nucleotide sequence indicate nucleotide position. DNA sequence was determined by the chain 
termination method of Sanger, et al., on denatured douWed-stranded plasmid templates using the enzyme Sequenase. 
Deduced amino add sequence (single letter code) of a long open reading frame is shown. A plasmid comprising the 
cDNA sequence showvn in Rgure 3 has been constructed and is designated pcEXV-8-30-84. The plasmid pcEXV-8-30- 
84 was deposited on April 1 7, 1990 pursuant to the provisions of the Budapest Treaty On The International Recognition 
Of The Deposit Of Microorganisms For The Purposes Of Patent Procedure with the Patent Culture Depository of the 
American Type Culture Coll^on.(ATCC), 12301 ParWawn Driye. Rpckville. Maryland, 208521.. U.S. A. under ATCC 
Accession No. 40790. 

Figure 4. Nucleotide and deduced amino acid sequence of gene 5-HT^q.2 (gene 11). 

Numbers alx>ve the nucleotide sequence indicate nucleotide position. DNA sequence was determined by the chain 
termination method of Sanger, et al., on denatured double-stranded plasmid templates using the enzyme Sequenase. 
Deduced amino add sequence (single letter code) of a long open reading frame is shown. A plasmid comprising the 
cDNA sequence shown in Figure 4 has been constructed and is designated pSVL-11. The plasmid pSVL-11 was 
deposited on April 1 7. 1990 pursuant to the provisions of the Budapest Treaty On The International Recognition Of The 
Deposit Of Microorganisms For The Purposes Of Patent Procedure with the Patent Culture Depository of the American 
Type Culture Collection (ATCC). 12301 Parklawn Drive, Rockville, Maryland. 20852, U.S.A. under ATCC Accession No. 
40791. 

Figure 5. Seven transmembrane-spanning model of the deduced amino add sequence of gene 5-HTtD i (Peptide 8-30- 
84). 

Amino acids in shaded circles are amino acids which differ from the amino acids at the corresponding position in 
the dog RDC4 receptor. The an-ows indicate potential sites of N-linked glycosylation. Amino adds in circles that straddle 
the lines which represent the membrane are considered outside the transmembrane region for purposes of this appli- 
cation. 

Figure 6. Comparison of the human 5-HTid receptor primary structures with other serotonin receptors. 

Antino acid sequences (single letter code) are aligned to optimize homology. The putative transmembrane span- 
ning domains are indicated by stars and identified by Roman numerals (TM l-VII). 

Detailed Description of the Invention 

As used herein, the 5-HT receptor family is defined as the group of mammalian proteins that function as receptors 
for serotonin, A 5-HT receptor subfamily is defined as a subset of proteins belonging to the 5-HT receptor family which 
are encoded by genes which exhibit homology of 65% or higher with each other in their deduced amino acid sequences 
within presumed transmembrane regions (lineariy contiguous stretches of hydrophokjic amino acids, bordered by 
charged or polar amino acids, that are long enough to form secondary protein structures that span a lipid bilayer). Three 
human 5-HT receptor subfamilies can be distinguished based on the information presently available. The 5-HT2 recep- 
tor subfamily corrtains the human S-HTg receptor. Although no other human members of this family have been 
desaibed, the rat 5-HT2 receptor (Pritchett. et al. 1988; Julius, et al. Proc. Natl. Acad. Sd. USA 87:928-932, 1990) and 
the rat 5HTic receptor (Julius, et al. 1988) constitute a rat 5-HT receptor subfamily. The 5-HTia sufcrfamily contains the 
human S+fT^A receptor, also known as Q-21 (Fargin. et al. 1988) The 5-HTid receptor subfamily contains two mem- 
bers, the 6-HT1D.1 receptor (also termed 5-HTiDa and/or peptide 8-30-84) and the 5-HTiq.2 receptor (also ternied 5- 
HTiop and/or peptide 11) which are described herein. Therefore, the term Tiuman 5-HTio receptor" as used herein is 
defined as meaning a member of the S-HT^o receptor subfamily described above. Although this definition differs from 
the pharmacological d^inition used eariter, there is significant overlap between the present definition and the pharma- 
cological definition. Members of the S-HT^o receptor subfamily so described indude the 5-HTio.i receptor, the 5-HTid. 

2 receptor, and any other receptors which have a 65% homology to the DNA and amino add sequence shown in Figure 

3 or to the DNA and amino acid sequence shown in Rgure 4. according to the definition of "sut^family**. This invention 
relates to the discovery of the first memt>ers of the human 5-HTid receptor subfamily. 

This invention provides an isolated nudeic add nxylecule encoding a human 5-HTid receptor. Such a receptor is 
by definition a member of the S-HT^q receptor subfamily. Therefore, any receptor whtich meets the defining criteria given 
akxjve ts a human 5-HTtD receptor. One means of isolating a human 5-HTid receptor is to probe a human genomic 
library with a natural or artificially designed DNA probe, using methods well known in the art DNA probes derived from 
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the human receptor genes S-HTiq.^ and S-HTiq.j are particularly useful probes for this purpose. DNA and cDNA mol- 
ecules which encode human 5-HTid receptors may be used to obtain complementary genomic DNA, cDNA or RNA 
from human, mammalian or other animal sources, or to isolate related cDNA or genomic clones by the screening of 
cDNA or genomic libraries, by methods described in more detail below. Transcriptional regulatory elements from the 5* 
5 untranslated region of the isolated clones, and other stability, processing, transcription, translation, and tissue specifi- 
city-determining regions from the 3' and 5* untranslated regions of the isolated genes are thereby obtained. Examples . 
of a nucleic acid molecule are an RNA. cDNA, or isolated genomic DNA molecule encoding a human 5-HTid receptor. 
Such molecules may have coding sequences substantially the same as the coding sequence shown in Figure 3 or the 
coding sequence shown in Figure 4. or may have coding sequences that are 65% or more homologous to the coding 
10 sequence shown in Figure 3 or the coding sequence shown in Figure 4. The DNA molecules of Figure 3 and Figure 4 
encode the sequences of the human S-HTtq receptor genes 5-HTid-i and 5-HTid-2- 

This invention further provides a cDNA molecule of encoding a human 5-HTid.i receptor having a coding 
sequence substantially the same as the coding sequence shown in Figure 3. and a cDNA molecule encoding a human 
5-HT1D.2 receptor having a coding sequence substantially the same as the coding sequence shown in Figure 4 These 
15 molecules are obtained by the means described above. 

This invention also provides an isolated protein which is a human 5-HTid receptor. Examples of such proteins are 
an isolated protein having substantially the same amino acid sequence as the amino acid sequence shown in Figure 3 
and an isolated protein having substantially the same amino acid sequence as the amino acid sequence shown in Fig- 
ure 4. which are human 5-HT^d receptors 5-HTid-i and 5-HTid-2- One means for obtaining isolated 5-HTid receptor 
20 (s to express DNA encoding the receptor in a suitable host, such as a bacterial, yeast, or mammalian cell, using meth- 
ods well known in the art. and recovering the receptor protein after it has been expressed in such a host, again using 
methods well known in the art. The receptor may also be isolated from cells which express it. in particular from cells 
which have been transfected with the expression vectors described below in more detail. 

This invention provides a vector comprising an isolated nucleic acid molecule such as DNA, RNA. or cDNA encod- 
es ing a human 5-HTid receptor Examples of vectors are viruses such as bacteriophages (such as phage lambda), cos- 
mids. plasmids (such as pUCl8. available from Pharmacia. Piscataway. NJ). and other recombination vectors. Nucleic 
acid molecules are inserted into vector genomes by methods well known In the art. For example, insert and vector DNA 
can both be exposed to a restriction enzyme to create complementary ends on both molecules which base pair with 
each other and are then ligated together with a ligase. Alternatively linkers can be ligated to the insert DNA which cor- 
30 respond to a restriction site in the vector DNA. which is then digested with the restriction enzyme which cuts at that site. 
Other means are also available. Specific examples of plasmids are a plasmid comprising cDNA having a coding 
sequence substantially the same as the coding sequence shown in Figure 3 and designated clone p5HT-8-30-84. and 
a plasmid comprising cDNA having a coding sequence substantially the same as the coding sequence shown in Figure 
4 and designated clone p5HT-1 1 . 
35 This invention also provides vectors comprising a DNA molecule encoding a human S-HT^o receptor, adapted for 
expression in a bacterial cell, a yeast cell, or a mammalian cell which additionally comprise the regulatory elements 
necessary for expression of the DNA in the bacterial, yeast, or mammalian cells so located relative to the DNA encoding 
a human 5-HTid receptor as to permit expression thereof. DNA having coding sequences substantially the same as the 
coding sequence shown in Figure 3 or the coding sequence shown In Figure 4 may usefully be Inserted Into the vectors 
40 to express human 5-HTi q receptors. Regulatory elements required for expression include promoter sequences to bind 
RNA polymerase and transcription Initiation sequences for ribosome binding. For example, a bacterial expression vec- 
tor includes a promoter such as the lac promoter and for transcription Initiation the Shine-Dalgarno sequence and the 
start codon AUG (Maniatis, et al. Molecular Cloning. Cold Spring Harbor Laboratory. 1982). Similarly, a eukaryotic 
expression vector includes a heterologous or homologous promoter for RNA polymerase II. a downstream polyadenyla- 
4$ Hon signal, the start codon AUG. and a termination codon for detachment of the ribosome. Such vectors may be 
obtained commercially or assembled from the sequences described by methods well known In the art, for example the 
methods described above for constructing vectors In general. Expression vectors are useful to produce cells that 
express the receptor. Certain uses for such cells are described in more detail below. 

This Invention further provides a plasmid adapted for expression in a bacterial, yeast, or, in particular, a mammalian 
50 cell which comprises a DNA molecule encoding a human S-HT^d receptor and the regulatory elements necessary for 
expression of the DNA in the bacterial, yeast, or mammalian cell so located relative to the DNA encoding a human 5- 
HTtD receptor as to permit expression thereof. Some plasmids adapted for expression In a mammalian cell are pSVL 
(available from Pharmacia. Piscataway. NJ) and pcEXV-3 (Miller J. and Germain R.N.. J. Exp. Med. 164:1478 (1986)), 
Specific examples of such plasmids are a plasmid adapted for expression In a mammalian cell comprising cDNA having 
^ coding sequences substantially the same as the coding sequence shown In Figure 3 and the regulatory elements nec- 
essary for expression of the DNA in the mammalian cell which Is designated pcEXV-8-30-84 and deposited under ATCC 
Accession No. 40790. and a plasmid adapted for expression in a mammalian cell comprising cDNA having coding 
sequences substantially the same as the coding sequence shown in Figure 4 and the regulatory elements necessary 
for expression of the DNA in the mammalian cell which Is designated pSVL-l 1 and deposited under ATCC Accession 
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No. 40791 . Those skilled in the art will readily appreciate that numerous plasmids adapted for expression In a mamma- 
lian cell which comprise DNA of encoding human 5-HTio receptors and the regulatory elements necessary to express 
such DNA in the mammalian cell may be constructed utilizing existing plasmids and adapted as appropriate to contain 
the regulatory elements necessary to express the DNA in the mammalian cell. The plasmids may be constructed by the 
methods described above for expression vectors and vectors in general, and by other methods well known in the art. 

These deposits discussed supra , and the other deposits discussed herein, were nnade pursuant to, and in satisfac- 
tion of, the Budapest Treaty on the International Recognition of the Deposit of Microorganisms for the Purpose of Patent 
Procedure with the American Type Culture Collection (ATCC), 12301 Parklawn Drive, Rockville, Maryland 20852. 

This invention provides a.marnmalian cell comprising a DNA molecule encoding a human 5.-HTid receptor,, such 
as a mammalian cell comprising a plasmid adapted for expression in a mammalian cell, which comprises a DNA mol- 
ecule encoding a human 5-HTiq receptor and the regulatory elements necessary for expression of the DNA in the 
mammalian cell so located relative to the DNA encoding a human 5-HTiq receptor as to permit expression thereof. 
Numerous mammalian cells may be used as hosts, including, for example, the mouse fibroblast cell NIH3T3. CHO cells. 
HeLa cells, Ltk- cells, etc. A particular example of an Ltk- cell is a cell designated Ltk-8-30-84 and deposited under 
ATCC Accession No. CRL 10421. and comprises the plasmid designated pcEXV-8-30-84. Another example is a cell 
designated Ltk-1 1 and deposited under ATCC Accession No. CRL 10422. and which comprises the plasmid designated 
pSVL-1 1 . Expression plasmids such as those described suora may be used to transfect mammalian cells by methods 
well known in the art such as calcium phosphate precipitation, or DNA encoding these 5-HT^q receptors may be other- 
wise introduced into mammalian cells, e.g.. by microinjection, to obtain mammalian cells which comprise DNA, e.g., 
cDNA or a plasmid. encoding either human S-HT^d receptor. 

This invention provides a method for determining whether a ligand not known to be capable of binding to a human 
S-HT^D receptor can bind to a human 5-HTid receptor which comprises contacting a mammalian cell comprising a 
DNA molecule encoding a human S-HT^d receptor with the ligand under conditions permitting binding of ligands known 
to bind to the 5-HTio receptor, detecting the presence of any of the ligand bound to the 5-HTtd receptor, and thereby 
determining whether the ligand binds to the 5-HTid receptor. The DNA in the cell may have a coding sequence sub- 
stantially the same as the coding sequence shown in Figure 3, or the coding sequence shown in Figure 4. Preferably, 
the mammalian cell is nonneuronal in origin. An example of a nonneuronal mammalian cell is an Ltk- cell, in particular 
the Ltk- cell designated L-5HT-8-30-84, or the Ltk- cell designated L-5HT-11. The preferred method for determining 
whether a ligand is capable of binding to the human S-HT^q receptors comprises contacting a transfected nonneuronal 
mammalian cell (i.e. a cell that does not naturally express any type of 5-HT or G-protein coupled receptor, thus will only 
express such a receptor if it is transfected into the cell) expressing a S-HT^q receptor on its surface, or contacting a 
membrane preparation derived from such a transfected cell, with the ligand under conditions which are known to pre- 
vail, and thus to be associated with, in vivo binding of the ligands to a S-HT^q receptor, detecting the presence of any 
of the ligand being tested bound to the S-HT^o receptor on the surface of the cell, and thereby determining whether the 
ligand binds to the S-HT^d receptor. This response system is obtained by transfection of isolated DNA into a suitable 
host cell containing the desired second messenger system such as phosphoinositide hydrolysis, adenylate cyclase, 
guanylate cyclase or ion channels. Such a host system is isolated from pre-existing cell lines, or can be generated by 
inserting appropriate components of second messenger systems into existing cell lines. Such a transfection system 
provides a complete response system for investigation or assay of the activity of human S-HT^q receptors with ligands 
as described above. Transfection systems are useful as living cell cultures for competitive binding assays between 
known or candidate drugs and ligands which bind to the receptor and which are labeled by radioactive, spectroscopic 
or other reagents. Membrane preparations containing the receptor isolated from transfected cells are also useful for 
these competitive binding assays. Functional assays of second messenger systems or their sequelae in transfection 
systems act as assays for binding affinity and efficacy in the activation of receptor function. A transfection system con- 
stitutes a "drug discovery system" useful for the identification of natural or synthetic compounds with potential for drug 
development that can be further modified or used directly as therapeutic compounds to activate or inhibit the natural 
functions of the human S-HT^q receptor. The transfection system is also useful for determining the affinity and efficacy 
of known drugs at the human 5-HTid receptor sites. 

This invention also provides a method of screening drugs to identify drugs which specifically interact with, and bind 
to. the human S-HT^q receptor on the surface of a cell which comprises contacting a mammalian cell comprising a DNA 
molecule encoding a human S-HT^q receptor on the surface of a cell with a plurality of drugs, determining those drugs 
which t)ind to the mammalian cell, and thereby iderrtifying drugs which specifically interact with, and bind to, the human 
5-HTiD receptor. The DNA in the cell may have a coding sequence substantially the same as the coding sequence 
shown in Figure 3. or the coding sequence shown in Figure 4. Preferably, the mammalian cell is nonneuronal in origin. 
An exanrpie of a nonneuronal mammalian cell is an Ltk- cell, in particular the Ltk- cell designated L-5HT-8-30-84, or the 
Ltk- cell designated L-5HT-11. Drug candidates are identified by choosing chemical compounds which bind with high 
affinity to the expressed 5-HT^o receptor protein in transfected cells, using radioligand binding methods well known in 
the art, examples of which are shown in the birxling assays desaibed herein. Drug candidates are also screened for 
selectivity by identifying compounds which bind with high affinity to one particular S-HT^q receptor subtype but do not 
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bind with high affinity to any other serotonin receptor subtype or to any other known receptor site. Because selective, 
high affinity compounds interact primarily with the target 5-HTio receptor site after administration to the patient, the 
chances of producing a drug with unwanted side effects are minimized by this approach. This invention provides a phar- 
maceutical composition comprising a drug identified by the method described above and a pharmaceuticaNy accepta- 
ble carrier. 



Once the candidate drug has been shown to be adequately bio-available following a particular route of administra- 
tion, for example orally or by injection (adequate therapeutic concentrations must be maintained at the site of action for 
an adequate period to gain the desired therapeutic benefit), and has been shown to be non-toxic and therapeutically 
effective in appropriate disease models, the drug may be administered to patients by that route qf administration deter- 
mined to make the drug bio-available, in an appropriate solid or solution formulation, to gain the desired therapeutic 
benefit. 

This invention provides a nucleic acid probe comprising a nucleic acid molecule of at least 15 nucleotides capable 
of specifically hybridizing with a sequence included within the sequence of a nucleic acid molecule encoding a human 
5-HT^D receptor, for example with a coding sequence included within the sequence shown in Figure 3 or Figure 4 
Nucleic acid probe technology is well known to those skilled in the art who will readily appreciate that such probes may 
vary greatly in length and may be labeled with a detectable label, such as a radioisotope or fluorescent dye. to facilitate 
detection of the probe. Detection of nucleic acid encoding human S-HT^ □ receptors is useful as a diagnostic test for any 
disease process in which levels of expression of the corresponding 5-HT^d receptor is altered. DNA probe molecules 
are produced by insertion of a DNA molecule which encodes human 5-HTi □ receptor or fragments thereof into suitable 
vectors, such as plasmids or bacteriophages, followed by insertion into suitable bacterial host cells and replication and 
harvesting of the DNA probes, all using methods well known in the art. For examples the DNA may be extracted from 
a cell lysate using phenol and ethanol. digested with restriction enzymes corresponding to the insertion sites of the DNA 
into the vector (discussed above), electrophoresed. and cut out of the resulting gel. Examples of such DNA molecules 
are shown in Figure 3 and in Figure 4. The probes are useful for *in situ' hybridization or in order to locate tissues which 
express this gene family or for other hybridization assays for the presence of these genes or their mRNA in various bio- 
logical tissues. In addition, synthesized oligonucleotides (produced by a DNA synthesizer) complementary to the 
sequence of a DNA molecule which encodes human 5-HTid receptor of are useful as probes for these genes, for their 
associated mRNA. or for the isolation of related genes by homology screening of genomic or cDNA libraries, or by the 
use of amplification techniques such as the Polymerase Chain Reaction. 

This invention also provides a method of detecting expression of a S-HT^d receptor on the surface of a cell by 
detecting the presence of mRNA coding for a S-HT^q receptor which comprises obtaining total mRNA from the cell 
using methods well known in the art and contacting the mRNA so obtained with a nucleic acid probe comprising a 
nucleic acid molecule of at least 15 nucleotides capable of specifically hybridizing with a sequence included within the 
sequence of a nucleic acid molecule encoding a human S-HT^d receptor under hybridizing conditions, detecting the 
presence of mRNA hybridized to the probe, and thereby detecting the expression of the 5-HTid receptor by the cell- 
Hybridization of probes to target nucleic acid molecules such as mRNA molecules employs techniques well known in 
the art. In one possible means of performing this method, nucleic acids are extracted by precipitation from lysed cells 
and the mRNA is isolated from the extract using a column which binds the poIy-A tails of the mRNA molecules. The 
mRNA is then exposed to radioactively labelled probe on a nitrocellulose membrane, and the probe hybridizes to and 
thereby labels complementary mRNA sequences. Binding may be detected by autoradiography or scintillation counting. 
However, other methods for performing these steps are well known to those skilled in the art. and the discussion above 
is merely an example. 

This invention provides an antisense oligonucleotide having a sequence capable of binding specifically with any 
sequences of an mRNA molecule which encodes a human 5-HTio receptor so as to prevent translation of the mRNA 
molecule. The antisense oligonucleotide may have a sequence capable of binding specifically with any sequences of 
the cDNA molecule whose sequence is shown in Figure 3 or the cDNA molecule whose sequence is shown In Figure 
4, A particular example of an antisense oligonucleotide is an antisense oligonucleotide comprising chemical analogues 
of nucleotides. 

This invention also provides a pharmaceutical composition comprising an amount of the oligonucleotide described 
above effective to reduce expression of a human S-HT^d receptor by passing through a cell membrane and binding spe- 
cifically with mRNA encoding a human S-HT^d receptor in the cell so as to prevent its translation and a pharmaceuti- 
cally acceptable hydrophobic carrier capable of passing through a cell membrane. The oligonucleotide may be coupled 
to a substance which inactivates mRNA. such as a ribozyme. The pharmaceutically acceptable hydrophobic earner 
capable of passing through cell membranes may also comprise a structure which binds to a receptor specific for a 
selected cell type and is thereby taken up by cells of the selected cell type. The structure may be part of a protein known 
to bind a cell-type specific receptor, for example an insulin molecule, which would target pancreatic cells. DNA mole- 
cules having coding sequences substantially the same as the coding sequence shown in Figure 3 or the coding 
sequence shown in Figure 4 may be used as the oligonucleotides of the pharmaceutical composition. 

This invention also provides a method of treating abnormalities which are alleviated by reduction of expression of 
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a 5-HTiD receptor which comprises administering to a subject an amount of the pharmaceutical composition described 
above effective to reduce expression of the 5-HTio receptor by the subject. This invention further provides a method of 
treating an abnormal condition related to 5-HTiq receptor activity which comprises administering to a subject an 
amount of the pharmaceutical composition described above effective to reduce expression of the S-HT^q receptor by 

5 the subject. Several examples of such abnormal conditions are dementia, Parkinson's disease, an eating disorder, 
pathological anxiety, or a migraine headache. 

Antisense oligonucleotide drugs inhibit translation of mRNA encoding these receptors. Synthetic oligonucleotides, 
or other antisense chemical structures are designed to bind to mRNA encoding the S-HT^d receptor and inhibit trans- 
lation of mRNA and are useful as drugs .to inhibit expression of receptor genes in patients. This invention pro- 

10 vides a means to therapeutically alter levels of expression of human S-HT^q receptors by the use of a synthetic 
antisense oligonucleotide drug (SAOD) which inhibits translation of mRNA encoding these receptors. Synthetic oligo- 
nucleotides, or other antisense chemical structures designed to recognize and selectively bind to mRNA, are con- 
structed to be complementary to portions of the nucleotide sequences shown in Figure 3 or Figure 4 of DNA. RNA or 
of chemically modified, artificial nucleic acids. The SAOD is designed to be stable in the blood stream for administration 

15 to patients by injection, or in laboratory cell culture conditions, for administration to cells removed from the patient. The 
SAOD is designed to be capable of passing through cell membranes in order to enter the cytoplasm of the cell by virtue 
of physical and chemical properties of the SAOD which render it capable of passing through cell membranes (e.g. by 
designing small, hydrophobic SAOD chemical structures) or by virtue of specific transport systems in the cell which rec- 
ognize and transport the SAOD into the cell. In addition, the SAOD can be designed for administration only to certain 

20 selected cell populations by targeting the SAOD to be recognized by specific cellular uptake mechanisms which binds 
and takes up the SAOD only within certain selected cell populations. For example, the SAOD may be designed to bind 
to a receptor found only in a certain cell type, as discussed above. The SAOD is also designed to recognize and selec- 
tively bind to the target mRNA sequence, which may correspond to a sequence contained within the sequences shown 
in Figures 4 and 5, by virtue of complementary base pairing to the mRNA. Finally, the SAOD is designed to inactivate 

25 the target mRNA sequence by any of three mechanisms: 1 ) by binding to the target mRNA and thus inducing degrada- 
tion of the mRNA by intrinsic cellular mechanisms such as RNAse I digestion. 2) by inhibiting translation of the mRNA 
target by interfering with the binding of translation-regulating factors or of ribosomes, or 3) by inclusion of other chemical 
structures, such as ribozyme sequences or reactive chemical groups, which either degrade or chemically modify the 
target mRNA. Synthetic antisense oligonucleotide drugs have been shown to be capable of the properties described 

30 above when directed against mRNA targets (J.S. Cohen, Trends in Pharm. Sci. 10. 435 (1989); H.M. Weintraubi, Sci. 
Am. January (1990) p. 40). In addition, coupling of ribozymes to antisense oligonucleotides is a promising strategy for 
inactivating target mRNA (N. Sarver et al.. Science 247. 1222 (1990)). An SAOD serves as an effective therapeutic 
agent if it Is designed to be administered to a patient by injection, or if the patient's target cells are removed, treated with 
the SAOD in the latjoratory. and replaced in the patient. In this manner, an SAOD serves as a therapy to reduce receptor 

35 expression in particular target cells of a patient, in any clinical condition which may benefit from reduced expression of 
5-HTiD receptors. 

This invention provides an antibody directed to the human S-HT^q receptor, for example a monoclonal antibody 
directed to an epitope of a hunran 5-HT^d receptor present on the surface of a cell and having an amino acid sequence 
substantially the same as an amino acid sequence for a cell surface epitope of the human 5-HT^q receptor included in 

40 the amino add sequence shown in Figure 3 or included in the amino acid sequence shown in Figure 4. Amino acid 
sequences may be analyzed by methods well known in the art to determine whether they produce hydrophobic or 
hydrophilic regions in the proteins which they build. In the case of cell membrane proteins, hydrophobic regions are well 
known to form the part of the protein that is inserted into the lipid bilayer which forms the cell membrane, while 
hydrophilic regions are located on the cell surface, in an aqueous environment. 

45 Therefore antibodies to the hydrophilic amino acid sequences shown in Figure 3 or in Figure 4 will bind to a surface 
epitope of a human S-HT^d receptor, as described. Antibodies directed to human S-HT^q receptors may be serum- 
derived or monoclonal and are prepared using methods well known in the art. For example, monoclonal antibodies are 
prepared using hybrkdoma technology by fusing antibody producing B cells from immunized animals with myeloma cells 
and selecting the resulting hybridoma celt line producing the desired antibody Cells such as SR3T3 cells or Ltk-cells 

so may be used as immunogens to raise such an antibody. Alternatively, synthetic peptides nr^y be prepared using com- 
mercially available machines and the amino acid sequences shown in Figure 3 and Figure 4. As a still further alterna- 
tive, DNA. such as a cDNA or a fragment thereof, may be doned and expressed and the resulting polypeptide 
recovered and used as an immunogen. These antibodies are useful to detect the presence of human 5-HTio receptors 
encoded by the isolated DNA, or to inhibit the function of the receptors in living animals, in humans, or In biological tis- 

55 sues or fluids isolated from animals or humans. 

This invention provides a pharmaceutical composition which comprises an amount of an antibody directed to the 
hunnan S-HT^q receptor effective to block binding of naturally occurring ligands to the S-HT^q receptor, and a pharma- 
ceutically acceptable carrier. A monoclonal antibody directed to an epitope of a human 5-HT^d receptor present on the 
surface of a cell and having an amino acid sequence substantially the same as an amino acki sequence for a cell sur- 
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face epitope of the human 5-HTid receptor included in the amino acid sequence shown in Figure 3 or included in the 
amino acid sequence shown in Figure 4 are useful for this purpose. 

This invention also provides a method of treating abnormalities which are alleviated by reduction of expression of 
a human 5-HTio receptor which comprises administering to a subject an amount of the pharmaceutical composition 
described above effective to block binding of naturally occuring ligands to the 5-HTid receptor and thereby alleviate 
abnormalities resulting from overexpression of a human 5-HTid receptor. Binding of the antibody to the receptor pre- 
vents the receptor from functioning, thereby neutralizing the effects of overexpression. The monoclonal antibodies 
described above are both useful for this purpose. TTiis invention additionally provides a method of treating an abnormal 
condition related to an excess of S-HT^o receptor activity which comprises administering to a subject an amount of the 
pharmaceutical composition described above effective to block binding of naturally occurring ligands to the 5-HTid 
receptor and thereby alleviate the abnormal condition. Some examples of abnormal conditions are dementia. Parkin- 
son's disease, an eating disorder, a pathological anxiety, and a migraine headache. 

This invention provides a method of detecting the presence of a S-HT^d receptor on the surface of a cell which com- 
prises contacting the cell with an antibody directed to the human S-HTip receptor, under conditions permitting binding 
of the antibody to the receptor, detecting the presence of the antibody bound to the cell, and thereby the presence of 
the human 5-HTid receptor on the surface of the cell. Such a method is useful for determining whether a given cell is 
defective in expression of S-HT^d receptors on the surface of the cell. Bound antibodies are detected by methods well 
known in the art. for example by binding fluorescent markers to the antibodies and examining the cell sample under a 
fluorescence microscope to detect fluorescence on a cell indicative of antibody binding. The monoclonal antibodies 
described above are useful for this purpose. 

This invention provides a transgenic nonhuman mammal expressing DNA encoding a human S-HT^ q receptor. This 
invention also provides a transgenic nonhuman mammal expressing DNA encoding a human 5-HTid receptor so 
mutated as to be incapable of normal receptor activity and not expressing native 5-HTid receptor. This invention also 
provides a transgenic nonhuman mammal whose genome comprises antisense DNA complementary to DNA encoding 
a human S-HT^d receptor so placed as to be transcribed into antisense mRNA which is complementary to mRNA 
encoding a 5-HTid receptor and which hybridizes to mRNA encoding a S-HT^d receptor thereby reducing its transla- 
tion. The DNA may additionally comprise an inducible promoter or additionally comprise tissue specific regulatory ele- 
ments, so that expression can be induced, or restricted to specific cell types. Examples of DNA are DNA or cDNA 
molecules having a coding sequence substantially the same as the coding sequence shown in Figure 3. or the coding 
sequence shown In Figure 4. An example of a transgenic animal Is a transgenic mouse. Examples of tissue specificity- 
determining regions are the metallothionein promoter (Low, f^.J.. Lechan, R.M.. Hammer, R.E. et al. Science 231 :1002- 
1004 (1986)) and the L7 promotor (Oberdick, J.. Smeyne, R.J.. Mann, J.R.. Jackson, S. and Morgan J I Science 
248:223-226(1990)). 

Animal model systems which elucidate the physiological and behavioral roles of human 5-HTid receptors are pro- 
duced by creating transgenic animals in which the expression of a S-HT^d receptor is either increased or decreased, or 
the amino acid sequence of the expressed S-HT^d to receptor protein is altered, by a variety of techniques. Examples 
of these techniques include: 1) Insertion of normal or mutant versions of DNA encoding a human 5-HTid receptor or 
homologous animal versions of these genes, by microinjection, retroviral infection or other means well known to those 
skilled In the art. into appropriate fertilized embryos in order to produce a transgenic animal (Hogan B. et al. Manipulat- 
ing the Mouse Embryo. A Laboratory Manual. Cold Spring Harbor Laboratory (1986)). 2) Homologous recombination 
(Capecchi M.R. Science 244:1288-1292 (1989); Zimmer. A. and Gruss. R Nature 338:150-153 (1989)) of mutant or nor- 
mal, human or animal versions of these genes with the native gene locus In transgenic animals to alter the regulation 
of expression or the structure of these 5-HTid receptors. The technique of homologous recombination is well known in 
the art. It replaces the native gene with the Inserted gene and so is useful for producing an animal that cannot express 
native receptor but does express, for example, an inserted mutant receptor, which has replaced the native receptor in 
the animal's genome by recombination, resulting in underexpression of the receptor. Microinjection adds genes to the 
genome, but does not remove them, and so is useful for producing an animal which expresses its own and added recep- 
tors, resulting in overexpression of the receptor. One means available for producing a transgenic animal, with a mouse 
as an example, is as follows: Female mice are mated, and the resulting fertilized eggs are dissected out of their ovi- 
ducts. The eggs are stored in an appropriate medium such as M2 medium (Hogan B. et al. Manipulating the Mouse 
Embryo. A Laboratory Manual. Cold Spring Harbor Laboratory (1986)). DNA or cDNA encoding a human S-HT^d recep- 
tor Is purified from a vector (such as plasmid p5HT-8-30-84 or p5HT-1 1 described above) by methods well known in the 
art. Inducible promoters may be fused with the coding region of the DNA to provide an experimental means to regulate 
expression of the trans-gene. Alternatively or In addition, tissue specific regulatory elements may be fused with the cod- 
ing region to permit tissue-specific expression of the trans-gene. The DNA, in an appropriately buffered solution, is put 
into a microinjection needle (which may be made from capillary tubing using a pipet puller) and the egg to be irijected 
is put In a depression slide. The needle is inserted Into the pronucleus of the egg. and the DNA solution is injected. The 
injected egg Is then transferred into the oviduct of a pseudopregnant mouse (a mouse stimulated by the appropriate 
hormones to maintain pregnancy but which is not actually pregnant), where it proceeds to the uterus, implants, and 
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develops to term. As noted above, microinjection is not the only method for inserting DNA into the egg cell, and is used 
here only for exemplary purposes. 

Since the normal action of receptor-specific drugs is to activate or to inhibit the receptor, the transgenic animal 
model systems described above are useful for testing the biological activity of drugs directed against these S-HT^d 

5 receptors even before such drugs become available. These animal model systems are useful for predicting or evaluat- 
ing possible therapeutic applications of drugs which activate or inhibit these S-HT^d receptors by inducing or inhibiting 
expression of the native or trans-gene and thus increasing or decreasing expression of normal or mutant S-HT^q recep- 
tors in the living animal- Thus, a model system is produced in which the biological activity of drugs directed against 
these S-HT^D receptors are evaluated before such drugs become available. The transgenic animals which over or under 

10 produce the S-HT^ □ receptor indicate by their physiological state whether over or under production of the S-HT^ q recep- 
tor is therapeutically useful. It is therefore useful to evaluate drug action based on the transgenic model system. One 
use is based on the fact that it is well known in the art that a drug such as an antidepressant acts by blocking neuro- 
transmitter uptake, and thereby increases the amount of neurotransmitter in the synaptic cleft. The physiological result 
of this action is to stimulate the production of less receptor by the affected cells, leading eventually to underexpression. 

75 Therefore, an animal which underexpresses receptor is useful as a test system to investigate whether the actions of 
such drugs which result in under expression are in fact therapeutic. Another use is that if overexpression is found to lead 
to abnornnalities, then a drug which down-regulates or acts as an antagonist to S-HT^q receptor is indicated as worth 
developing, and if a promising therapeutic application is uncovered by these animal model systems, activation or inhi- 
bition of the 5-HTiD receptor is achieved therapeutically either by producing agonist or antagonist drugs directed 

20 against these S-HT^d receptors or by any method which increases or decreases the expression of these 5-HTto recep- 
tors in man. 

This invention provides a method of determining the physiological effects of expressing varying levels of human 5- 
HT-id receptors which comprises producing a transgenic nonhuman animal whose levels of human S-HTiq receptor 
expression are varied by use of an inducible promoter which regulates human 5-HTi q receptor expression. This inven- 
ts tion also provides a method of determining the physiological effects of expressing varying levels of human 5-HTid 
receptors which comprises producing a panel of transgenic nonhuman animals each expressing a different amount of 
human S-HT^q receptor. Such animals may be produced by introducing different amounts of DNA encoding a human 
5-HTiQ receptor into the oocytes from which the transgenic animals are developed. 

This invention also provides a method for identifying a substance capable of alleviating abnormalities resulting from 
30 overexpression of a human 5-HTid receptor comprising administering the substance to a transgenic nonhuman mam- 
mal expressing at least one artificially introduced DNA molecule encoding a human 5-HTio receptor and determining 
whether the substance alleviates the physical and behavioral abnormalities displayed by the transgenic nonhuman 
mammal as a result of overexpression of a human S-HT^q receptor. Examples of DNA molecules are DNA or cDNA 
molecules having a coding sequence substantially the same as the coding sequence shown in Figure 3. or the coding 
35 sequence shown in Figure 4. 

This invention provides a pharmaceutical composition comprising an amount of the substance described supra 
effective to alleviate the the abnormalities resulting from overexpression of S-HT^q receptor and a pharmaceutically 
acceptable carrier. 

This invention further provides a method for treating the abnormalities resulting from overexpression of a human 5- 
40 HTiD receptor which connprises administering to a subject an amount of the pharmaceutical composition described 
above effective to alleviate the abnormalities resulting from overexpression of a human 5-HTid receptor 

This invention provides a method for identifying a substance capable of alleviating the abnormalities resulting from 
underexpression of a human 5-HTiq receptor comprising administering the sut>stance to the transgenic nonhuman 
mammal described above which expresses only nonfunctional human receptor and determining whether the 

45 substance alleviates the physical and behavioral abnormalities displayed by the transgenic nonhuman mammal as a 
result of underexpression of a human S-HT^d receptor. 

This invention also provides a pharmaceutical composition comprising an amount of a substance effective to alle- 
viate abnormalities resulting from underexpression of S-HT^d receptor and a pharmaceutically acceptatjie carrier. 

This invention further provides a method for treating the abnormalities resulting from underexpression of a human 
50 S-HT^D receptor which comprises administering to a subject an amount of the pharmaceutical composition described 
above effective to alleviate the abnormalities resulting from underexpression of a human S-HT^q receptor. 

This invention provides a method for diagnosing a predisposition to a disorder associated with the expression of a 
specific human 5-HTi □ receptor allele which comprises: a) obtaining DNA of subjects sufferingfrom the disorder; b) per- 
forming a restriction digest of the DNA with a panel of restriction enzymes; c.electrophoretically separating the resulting 
55 DNA fragments on a sizing gel; d) contacting the resulting gel with a nucleic add probe capable of specifically hyfcxid- 
izlng to DNA encoding a human S-HT^q receptor and labelled with a detectable marker; e) detecting labelled bands 
which have hytxidized to the the DNA encoding a human S-HT^q receptor labelled with a detectable marker to create 
a unique band pattern specific to the DNA of subjects suffering from the disorder; f) preparing DNA obtained for diag- 
nosis by steps a-e; and g) comparing the unique band pattern specific to the DNA of subjects suffering from the disorder 
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from step e and the DNA obtained for diagnosis from step f to determine whether the patterns are the same or different 
and thereby to diagnose predisposition to the disorder if the patterns are the same. This method may also be used to 
diagnose a disorder associated with the expression of a specific human 5-HTid receptor allele. 

This invention provides a method of preparing the isolated 5-HT,d receptor which comprises inducing cells to 
5 express 5-HTid receptor, recovering the receptor from the resulting cells, and purifying the receptor so recovered An 
example of an isolated S-HT^d receptor is an isolated protein having substantially the same amino acid sequence as 
the ammo acid sequence shown in Figure 3. Another example of an isolated 5-HTid receptor is an isolated protein hav- 
ing substantially the same amino acid sequence as the amino acid sequence shown in Figure 4. For example cells can 
be induced to express receptors by exposure to substances such as hormones. The cells can then be homogenized 
10 and the receptor isolated from the homogenate using an affinity column comprising, for example, serotonin or another 
substance which is known to bind to the receptor. The resulting fractions can then be purified by contacting them with 
an ion exchange column, and determining which fraction contains receptor activity or binds anti-receptor antibodies 

This invention provides a method of preparing the isolated 5-HTid receptor which comprises inserting nucleic acid 
encoding 5-HT,o receptor in a suitable vector, inserting the resulting vector in a suitable host cell, recovering the recep- 
»5 tor produced by the resulting cell, and purifying the receptor so recovered. An example of an isolated 5-HT,d receptor 
IS an isolated protein having substantially the same amino acid sequence as the amino acid sequence shown in Figure 
3. Another example of an isolated 5-HTid receptor is an isolated protein having substantially the same amino acid 
sequence as the ammo acid sequence shown in Figure 4. This method for preparing S-HT, □ receptor uses recombinant 
DNA technology methods well known in the art. For example, isolated nucleic acid encoding S-HT, □ receptor is inserted 
20 in a suitable vector, such as an expression vector. A suitable host cell, such as a bacterial cell, or a eucaryotic cell such 
as a yeast cell, is transfected with the vector. S-HT^d receptor is isolated from the culture medium by affinity purification 
or by chromatography or by other methods well known in the art. 

This invention provides an antisense oligonucleotide having a sequence capable of binding specifically with any 
sequences of an mRNA molecule which encodes a receptor so as to prevent translation of the mRNA molecule 
ss This invention also provides a transgenic nonhuman mammal expressing DNA encoding a receptor. 

This invention further provides a transgenic nonhuman mammal expressing DNA encoding a receptor so mutated 
as to be incapable of normal receptor activity, and not expressing native receptor. 

This invention provides a method of determining the physiological effects of expressing varying levels of a receptor 
which compnses producing a transgenic nonhuman animal whose levels of receptor expression are varied by use of an 
30 inducible promoter which regulates receptor expression. 

This invention also provides a method of determining the physiological effects of expressing varying levels of a 
receptor which comprises producing a panel of transgenic nonhuman animals each expressing a different amount of 
the receptor. 

This invention further provides transgenic nonhuman mammal whose genome comprises antisense DNA comple- 
35 mentary to DNA encoding a receptor so placed as to be transcribed into antisense mRNA which is complementary to 
mRNA encoding the receptor and which hybridizes to mRNA encoding the receptor thereby preventing its translation 

This invention provides a method for determining whether a ligand not known to be capable of binding to a receptor 
can bind to a receptor which comprises contacting a mammalian cell comprising an isolated DNA molecule encoding 
the receptor with the ligand under conditions permitting binding of ligands known to bind to a receptor detecting the 
<o presence of any of the ligand bound to the receptor, and thereby determining whether the ligand binds to the receptor 

Applicants have identified individual receptor subtype proteins and have described methods for the identification of 
pharmacological compounds for therapeutic treatments. Pharmacological compounds which are directed against spe- 
cific receptor subtypes provide effective new therapies with minimal side effects. 

The 5-HTiD receptor subtype was first detected in the caudate nucleus of the bovine brain It has been widely 
<s accepted that S-HTip is the non-rodent analog of the 5-HTib receptor, which has a strong localization In basal ganglia 
(S^midt and Peroutka. FASEB J. 3:2242 (1989)). Since the basal ganglia are involved in the control of movement the 
5-HT,d receptor is important in movement control. Additionally, re-examination of previous reports of a 5-HT, receptor 
m Parkinson's disease patients, in light of the more recently described 5-HTid receptor pharmacology, yields an inter- 
esting observation. Parkinson's patients with dementia show a large decrease in 5-HT, receptors in the frontal cortex 
50 (Cross, A.J.. Crow. T.J., Johnston. J.A.. Perry. E.K.. Perry. R.H.. Blessed. G. and Tomlinson, B.E.. J. Neurol. Sci. 60: 
383-392. (1 989)). This region has recently been shown to contain mainly 5-HTid receptors within the S-HT, class (Her- 
nck-Davis. K.. Titeler. M.. Leonhardt. S.. Struble. R. and Price. D.. J. Neurochem. 51: 1906-1912 (1988)). These data 
indicate that 5-HTid agonists will have significant therapeutic value in ameliorating the dementia of Parkinson's dis- 
ease, and in treatment of other dementias involving 5-HTi receptors. 
55 5-HTi D receptors are implicated in the regulation of feeding behavior, thus providing a treatment for obesity and a 
potential insight into anorexia and bulimia. In rat models, the 5-HTid receptor analog 5-HTib has been implicated in 
feeding. Agonists of the S-HT^b receptor such as RU 24924 (but not DPAT) and mCPP both decrease eating (Hut- 
son.RH.. Kennett. G.A.. Donohoe, TR. Dourish, C.T, and Curzon, G. in Behavioral Pharmacology of 5-HT. Bevan R 
Cools. A.R., and Archer. T, eds. Lawrence Eribaum Associates. Publishers; N.J. (1989) pp. 283-286; Samanin R iri 
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Behavioral Pharmacology of 5-HT. Bevan.R, Cools. A.R.. and Archer, T. eds. Lawrence Erlbaum Associates, Publish- 
ers: NJ, (1989) pp. 259-283). In other studies. receptor antagonists cause anorexia (Leander. J.D.. in Behavio- 
ral Pharmacology of 5-HT. Bevan. R. Cools. A.R.. and Archer. T. eds. Lawrence Erlbaum Associates. Publishers; N.J. 
(1989) pp. 287-290). Localization of S-HT^q receptors in the nucleus accubens (Samanin, 1989: ibid), part of the neural 
substrate of feeding behavior, indicate that S-HT^q agonists have therapeutic value In the control of obesity. Further- 
more, 5-HTiD antagonists are useful in reversing endogenous anorexia and in the control of bulimic behavior. 

5-HTiD receptors are also implicated in anxiety. In the rat analog model. 5-HTib receptor agonists have been 
reported to decrease the startle response in rats and to effect the defensive burying behavior (Bevan. P.. Lorens. S.. 
and Archer. T in Behavioral Pharmacology of 5-HT. Bevan.R. Cools, A.R., and Archer, T, eds. Lawrence Erlbaum. 
Associates. Publishers; N.J. (1989) pp.459-474). Both paradigms indicate possible therapeutic roles of human S-HT^q 
agonists as anxiolytics. Furthermore, yohimbine (a 5-HT^d antagonist) has been shown to worsen panic attacks in man 
(Charney. D.S.. Henenger. G.R.. and Breier. A., Arch. Gen. Psychiat. 41: 751-763. (1984)). 

The best proven therapeutic application of 5-HTid receptor pharmacology is to migraine treatment. Sumatriptan, 
an agonist for certain S-HT^d receptor sites, has been demonstrated to be effective in the control of acute migrahe 
75 attacks in clinical trials (Doenicke, A., Melchart. D.. Bayliss. E.M., Cephalalgia 9 suppi 9:89-92 (1989)) with few side 
effects and good efficacy (Baer H.A., Brand. J.. Doenicke. A.. Melchart. D., Tryba, M..and Sahlender, H.M.. Cephalalgia 
9 (suppI 9): 83-87,(1989). Perrin. V.L., Farkkila, J., CBoasguen. J.. Donicke. A., Brand. J., and Tfelt-Hansen. R. Cepha- 
lalgia 9 (suppI 9) 63-72, (1989)). Sumatriptan appears to be effective against not only the headache but also the nau- 
sea, vomiting and sensory disturbances suffered by migraine patients. Applicants have shown (Table 1) that 
20 sumatriptan has extremely high affinity at the human S-HT^q.^, and 5-HTiq.2 receptors. 

This invention identifies for the first time two new receptor proteins, their amino acid sequences, and their human 
genes. Furthermore, this invention describes a previously unrecognized group of receptors within the definition of a 5- 
HTi Q receptor. The information and experimental tools provided by this discovery are useful to generate new therapeu- 
tic agents, and new therapeutic or diagnostic assays for these new receptor proteins, their associated mRNA molecules 
25 or their associated genomic DNA. The information and experimental tools provided by this discovery will be useful to 
generate new therapeutic agents, and new therapeutic or diagnostic assays for these new receptor proteins, their asso.T. 
ciated mRNA molecules, or their associated genomic DNA. 

Specifically, this invention relates to the first isolation of human cDNA and genomic clones encoding 5-HTid recep- 
tors. Two new human genes for the receptors identified herein as 5-HT^d.i and S-HT^Q.g have been identified and char- 
30 acterized, and a series of related cDNA and genomic clones have been isolated. In addition, the human 5-HT^q 
receptors have been expressed in Ltk- cells by transfecting the cells with the plasmids pcEXV-8-30-84 and pSVL-1 1 . 
The pharmacological binding properties of the proteins encoded have been determined, and these binding properties 
classify these proteins as serotonin S-HT^ p receptors. Mammalian cell lines expressing these human 5-HTid receptors 
at the cell surface have been constructed, thus establishing the first well-defined, cultured cell lines with which to study 
35 these S-HT^o receptors. 

The invention will be better understood by reference to the Experimental Details which follow, but those skilled in 
the art will readily appreciate that the specific experiments detailed are only illustrative of the invention as described 
more fully in the claims which follow thereafter. 

'io Experimental Details: 

Isolation of the doo RDC4 oene 

The dog RDO^ gene (Libert et al. Science 244:569-572,1989) was isolated as a prerequisite to Isolating clones for 
45 human 5-HTid genes. The RDC4 gene was obtained by isolating dones from a dog genomic library (Stratagene) with 
an oligonucleotide probe complementary to the large cytoplasmic loop of the RDC4 gene. Overlapping oligomers com- 
plementary to the dog RDC4 sequence (GenBanK accession number XI 4049) were labeled with ^^p-^atp and ^^P- 
dCTP by synthesis with the large fragment of DNA Polymerase (Maniatis et al. Molecular Cloning. Cold Spring Hartx5r, 
1982). Clones showing positive hybridization to the probe were picked and Inserts subcloned into the plasmid pUC-18 
50 (Pharmacia, Piscataway, N.J,). Sequencing via the Sanger dideoxy method confirmed the isolation of a clone contain- 
ing the entire coding region of the gene. 

Isolation of two human S-HT ^j -v Genomic dones. 

55 A human placental genomic library (Stratagene) was screened with the 1.3-kilobase (kb) Hind Ill-Sph I fragment 
from the dog RDC-4 clone. The probe was labeled with ^^P by the method of random priming (A.R Feinberg and B. 
Vogelstein. Anal.Biochem. 137:266 (1984)). Hybridization was performed at 40**C in a solution containing 50%fornna- 
mide, 10% dextran sulfate. 5X SSC (1 X SSC is 0.15 M sodium chloride, 0.01 5 M sodium citrate), 1 X Denhardfs (0.02% 
polyvinyt-pyrrolldone, 0.02% FIcoll, and 0.02% bovine serum altDumin). and 200 ^g/ml of sonicated salmon sperm DNA. 
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The filters were washed at SO'C in 0.1 X SSC containing 0.1% sodium dodecyl sulfate (SDS) and exposed at -70°C to 
Kodak XAR film in the presence of an intensifying screen. Lainbda phage hybridizing to the probe Were plaque purified 
and DNA was prepared for Southern Blot analysis (Maniatis et al.. Molecular Cloning. Cold Spring Harbor 1982- E 
Southern. J. Mol.Biol. 98:503. 1975). For subcloning and further Southern blot analysis. DNA was inserted into pUC18. 

Isolation of cDNA clones 

A human hippocampal cDN A library (Stratagene) was screened with an oligonucleotide probe derived from the dog 
. ^99^. sequence (corresponding to amino acid positions number 1 65 to 1 88 of the RDC4 sequence in Figure vyhich 
falls within transmembrane region IV). Overlapping oligomers were labeled with ^^P-dfiJP and ^'^P-dCTP as described 
above (Experimental Details) and the hybridizations and washes were performed as described above for aenomic 
clones (Experimental Details). 

DNA Sentjpnonrf 

Nucleotide sequence analysis was done by the Sanger dideoxy nucleotide chain-termination method (S Sanger 
et al.. Proc. Natl. Acad. Sci.. 74: 5483-5467, 1977) on denatured double-stranded plasmid templates (Chen and See- 
burg, DNA 4: 165.-1985) using Sequenase (U.S. Biochemical Corp.. Cleveland, Ohio). 

^H-5HT Bindino Assays 

^H-sHT (20.8-284 Ci/mMol; DuPont, NEN. Wilmington, DE) was used as a radioligand to detect the expression of 
the 5-HT gene products in membrane fractions isolated from either transiently or stably transfected cell lines (see 
Expression). The incubation buffer contained: 50mM Tris-CI pH 7.4. lOmM MgS04. 0.5 mM EDTA. 1% ascorbic acid 
and O.ImM pargyline. Incubations were initiated by the addition of cell membranes (10-50 ng per well) to 96 well micro- 
titer plates containing 3h-5HT (final concentration lO '' to lO'^M) in a final volume of 250 nl. After 15 minutes at 37''C 
(in the dark), the incubation was terminated by rapid filtration using a Brandel Cell Harvester (Model 48R Brandel 
Gaithersville. MD). Specific binding represented 70-80% of total binding, using lO'^ M 5-HT to define nonspecific bind- 
ing. For competition studies, drugs were initially screened at a concentration of 1-10X their reported Kj values for 5- 
HTid receptor binding. Radioactivity trapped on GF/B filter strips was quantitated by liquid scintillation spectroscopy in 
a Beckman LS5000 TA scintillation counter using Ready Safe liquid scintillation cocktail (Beckman Instruments Fuller- 
ton. CA) at an efficiency of 50-55%. 

Experime ntal Results : 

Isolation of aenomic an d cDNA clones encoding 5HT1 D receptors 

We have screened a human genomic placental library with the 1.3 kb Hind Ill-Sph I restriction fragment derived 
from the dog RDC-4 clone. A total of five human clones were isolated and were characterized by restriction endonude- 
ase mapping and DNA sequence analysis. By restriction analysis all five clones were judged to be different By 
sequence analysis two clones, genomic clone hP-8 (human Placenta-8) and genomic clone hP-84. were highly homol- 
ogous at the nucleotide level («90%) to dog RDC4. Following sequence analysis, it was determined that genomic clone 
hP-8 contained sequence encoding the S" untranslated (5VT) region, the amino (NH2) terminus, and transmembrane 
regions l-lll (TM l-lll) of a receptor which appears to represent the human homologue of dog RDC4. Genomic clone hP- 
84 contained sequence corresponding to TM V-VII as well as the cartjoxy terminus and the 3" UT of this gene Trans- 
membrane region IV was found to be present on a third clone, genomic done hP-30. These three genomic clones col- 
lectively span the entire coding region of the gene and represent the human version of RDC4. The gene for this new 
human receptor is designated gene 8-30-84. cDNA clones con-esponding to gene 8-30-84 have been isolated from a 
human hippocampus library (Stratagene) and are designated cDNA clone hH-13 (human Hippocampus- 13) and cDNA 
clone hH-46 (Figure 1). cDNA dones hH-13 and hH-46 collectively span the entire coding region of this gene 

Two additional genomic dones. clone hP-10 and clone hP-l l . were also isolated and characterized Although both 
dones were homologous to done RDC4 at the nucleotide level, their homologies were not as strong (»75% vs «90% 
for clones 8 and 84). While genomic done hP-10 was found to represent a pseudogene of the human RDC4 receptor 
gene (of gene 8-30-84). genomic done hP-l 1 exhibited a genomic structure which appeared to be intronless in the cod- 
ing region and encodes a gene (gene 1 1 ) different from that of gene 8-30-84 (Figure 2). 

NMCleotide sequence and deduced amino acid senuft n ce of oene «-30.84 rS-HTj ^ gcna) 

DNA sequence information obtained from gene 8-30-84 is shown in Figure 3. An open reading frame extending 
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from an ATG start codon at position 1 to a stop codon at position 1 13Vcan encode a protein 376 amino acids in length 
(peptide 8-30-84). having a relative molecular mass (M^) of 41.783. A comparison of this protein sequence with previ- 
ously characterized neurotransmitter receptors indicates that gene 8-30-84 encodes a receptor which is a new member 
of a family of molecules which span the lipid bilayer seven times and couple to guanine nucleotide regulatory proteins 

5 (the G protein-coupled receptor family). A variety of structural features which are invariant in this family were present in 
peptide 8-30-84. The greatest homology found was between peptide 8-30-84, the dog RDC-4 receptor and the S-HT^ ^ 
receptor. A comparison of peptide 8-30-84 with the dog RDC4 sequence is shown in Figure 5, which displays a model 
of the receptor structure organized into seven transmembrane spanning domains. Overall. 87% sequence conservation 
between the dog RDC4 sequence and the human peptide 8-30-84 was observed over 378 anriino. acids. The greatest 

10 divergence between the dog RDC4 and human gene 8-30-84 protein sequences was seen at the extracellular amino 
terminus and the large cytoplasmic loop found between TM-V and TM-VI. The homology between these two receptors 
within the transmembrane regions alone was 92%, with Tf^-I being the most divergent. 

Nucleotide and deduced amino acid sequence of gene 1 1 (S-HT^p.g gene) 



DNA sequence information obtained from gene 1 1 is shown in Figure 4. An open reading frame extending from an 
ATG codon at position 1 to a stop codon at position 1 198 can encode a protein 398 amino adds in length (peptide 1 1 
having a relative molecular mass (fy/l^) of 44.333. A comparison of this protein sequence with previously characterized 
neurotransmitter receptors indicates that the protein product of gene 1 1 is also a new member of the G-protein-coupled 

20 receptor family. Homology profiles show that the receptor encoded by gene 1 1 (peptide 1 1) is tightly related to. but dis- 
tinct from, the receptor encoded by gene 8-30-84 (Peptide 8-30-84) and by the dog RDC4 gene, with the SHT^a recep- 
tor being the next closest receptor with homology to peptide 1 1 (Figure 6). The overall amino acid homology between 
peptide 8-30-84 and peptide 1 1 is 56%, with a 76% amino acid homology within the transmembrane regions alone. Vir- 
tually no homology exists within the amino terminus, with slight homology found in the large cytoplasmic loop between 

25 TM-V and TM-VI as well as the carboxyl terminus. The most divergent of the transmembrane spanning domains is TM- 
1 . which is only 54% identical between peptide 8-30-84 and peptide 1 1 . There does exist a stretch of four amino acids 
within TM-1 . however, which is identical between peptide 8-30-84 and peptide 1 1 as well as the dog RDC4 protein prod- 
uct. The sequence of these amino acids is serine(S). asparagine(N), alanine(A) and phenylalanine(F) and can be 
abbreviated as "SNAF". This sequence is unique to this subfamily of receptors because it diverges from a conserved 

30 sequence (GNxL) present in this position of TM-I in a variety of G-protein coupled receptors. 

Receptor Expression in Transfected Mammalian Cells 

In order to confirm the functional identity of the newly isolated gene we have expressed clones RDC4 and hP-1 1 in 
35 cultured cell lines. A DNA fragment containing the entire coding region of each clone was subcloned into the expression 

vector pSVL The resulting plasmids. pcEXV-8-30-84 and pSVL-1 1 were transiently introduced into Cos-7 cells using 

the DEAE-dextran protocol (Cullen, Methods in Enz. 152; 684-704, 1987). 

Stable cell lines were produced by cotransfection with the plasmid containing the bacterial gene aminoglycoside 

phosphtransferase into Ltk- cells (American Type Culture Collection, Rockville. MD, Cell Line CCL 1.3) using the cal- 
40 cium phosphate technique (protocol & kit obtained from Specialty Media, Inc. Lavallette, NJ). Clones expressing 

aminoglycoside transferase were selected by the addition of 1 mg/ml G418 (Gibco Laboratories, Grand Island, NY) to 

the culture medium. ^H-5HT was used to monitor 5-HTid receptor gene expression in these clones. Since ^H-5HT can 

also bind to 5-HTia, 5-HTib. and 5-HTic receptors, the masking ligands pindolol (1 pM) and SCH 23390 (1 ^M) were 

included in the incubation. 

45 Cos-7 ceils or Ltk- cells were pseudotransfected with vector not containing an insert in order to assess endogenous 
levels of ligand binding. At 2nM radioligand, no specific binding was detected. Therefore, Cos-7 and Ltk- cells provide 
useful models for transfection of a putative 5-HTio receptor Transiently transfected Cos-7 cells bound ^H-5-HT with 
high affinity (3 nM) and with an estimated site density of 0.63-1.28 pmole/mg protein for RDC4 and 0.602 to 0.95 
pmole/mg protein for peptide 1 1 . The presence of the masking ligands pindolol and SCH 23390 had no significant effect 

so on the specific binding or the pharmacological profile of the detected binding sites in initial studies, and was therefore 
eliminated in subsequent experiments. 

Ltk- cells transfected with RDC4. gene 8-30-84 or gene 1 1 bound ^H-5-HT with high affinity (Kd -3.6 nM, 4.0 nM or 
2.3 nM, respectively). The estimated B^ax 'S equal to 0.275 pm/mg protein for RDC4. 5.1 pmole/mg protein for gene 8- 
30-84 and 2.3 pmole/mg protein for gene 1 1 . Further characterization was accomplished by performing competition 

55 experiments for a series of drugs. Analysis of the competition data was accomplished using the computer-assisted non- 
linear regression program Accucomp (Lundon Software: Chagrin Falls, OH). Data are shown in Table 1 and indicate 
that binding detected in the RDC4, gene 8-30-84 or gene 11 tranfected cells has properties expected for a 5-HTid 
receptor. Additionally, the differences in the affinity of a series of competitors for these two receptors indicates that the 
RDC4. as well as the human genes, gene 8-30-84 and gene 1 1 . encode proteins with binding properties of a 5-HTio 



15 



15 



OCtO: <EP_07e7797A1J_> 




5 



3CI0: <£P_0787797A1J^ 



16 




55 



:5C(0: <EP_0787797A1J^ 



17 




OdD: <EP_flf787707A1 J_> 



18 



EP0787 797A1 



10 



IS 



20 



25 



30 



35 



40 



45 



SO 













u 










o 


o 


o 








g 


o 




o 




o 


1 


o 


o- 


o 


o 


1 




1 


o 








1 




1 




«4 






1 








A 


-A 


. ■ A- 






m 


o 


O 
O 


n 
o 


• o 
o 


o 
o 








O 

o 




o 
o 


o 
o 






O 




CD 




w4 








A 




A 


A 
































«M 






O 


O 


O 










m 


O 


o 


M 










o 
o 


o 
o 




m 




m 


€4 


w4 




























A 


A 
















M 
O 


• 


o 
n 


o 
o 


O 
O 


• 


O 
O 




a 
• 




o 
«^ 


o 


a 

m 


O 
O 














f-4 








A 


A 




A 


















• 


« 






• 






a 


1 












m4 


m 












9 


1 


# 




«a 


• 






^ ■ 






4J 


^ ■ 








o 


o 


d 






O 


i3 


u 




0 


M 








m 


O 


o 


O. 




a 


c 






>% 


O 


M 


• 


fl 




a 


u 


o 


s 


ia 


1 






o 


m 




01 


M 


CB 


Oi 


u 


CQ 



a 

P c 
c 

o 0 

10 

^ • 
Of 

5. o 

CO 

S ^ 

3 

<0 0) 
> 4J 

C 

43 Of 

a 4^ 

C 

o 

jj Ou 
3 J5 



0) 



I 

4J 



a 

o 
u 



o 
o 



CD 
C 

B V 

cr 

41 7 
^ c 

U 4J 



.CD 
C 

o 

« 
u 
« 
a 

0) 

a 
c 

i . 

a> CD 
8 0 
c 

^ o 

o u 
o 

C «) 

O 4J 

B -O 

u c 
o 

U 0 

% -5 

CD 'O 

C <M 
CI U 

e 4> 

u tn 
0 c 

CL « 
X w 
4) 4J 



I 

in 

in u 
u 



to 



m 4J 

o -o 
u 

o to 

« i= 

^ c 

« o 

o< ^ 

c 



4) 

4) ^ 



Q 



rsi 



0^ 

eo 
o 



I 



o 
en 
a 

c 



< 



40 

X 

c 



< 



1^ 

4> 
4J 



> 



Q ^ 



Q ZJ TJ 



4) 
C 



o 

CO 



4) 



o 



tn 



s ^ 

^ in 



I « ^ 

0 5 o 

1 o - 
^ ^ A 

4) " 
• CL 



55 



Applicants have doned and characterized two DNA molecules encoding hunnan 5-HTio receptors. The expression 
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of these cDNA clones in Cos-7 cells and Ltk- cells results in the appearance of this type of receptor on the cell surface. 

The starting point for this research was dog clone RDC4, which was originally reported by Libert et al. (Science 
244:569. 1989) as one of a collection of G-protein coupled receptors cloned by PGR technology. Our analysis of the 
nucleotide sequence following the model of Strader. Sigal and Dixon (FASEB J. 3:1825 (1989)) indicated that RDC4 
5 was likely to be a 5-HT receptor. In addition. RDC4 showed highest sequence honwiogy to the human serotonin 5-HTi a 
sequence (Ubert et al.. 1989). The RDCM sequence was isolated from a dog genomic library in our laboratories, and 
was transfected into a mammalian cell line. No expression data on this done have been reported previously by any lab- 
oratory. 

RpC4-transfected Cos-7 and Uk; cells were found to bind [^HJS-HT with apparent high affinity (Kq « 3nM; Rmax « 
10 0.25-0.4jDm/mg protein). This property indicates that RDC4 encodes a S-HT^ receptor' High affinity ^HS-HT binding was' 
not affected by co-incubation with (-) pindolol (l^m). This rules out the possibility that binding is to a 5-HTia or S-HT^b 
receptor. Futhermore, the S-HT^c antagonist SCH 23390 (l^m) is also ineffective in reducing the binding of ^H-S-HT. 
Other compounds unable to compete for ^H-5HT bjridlng sites are ketanserin (5-HT2 receptors). ICS 205-930 (5-HT3 
and 5-HT4). and 6-OH-indalpine (5-^HT^p). Furthermore, the high affinity of 5-CT for this binding site rules out the pos- 

15 sibiWy that binding is to a 5-HTi ^ receptor. The strong sequence homology between RDC4 and the cloned human gene 
8-30-84 indicate that the human gene, when transfected into a mammalian cell line, should express very similar phar- 
macological properties. This has been verified (see Table 1). 

RDO* was also used to clone a second human gene, gene 1 1 . This gene was sequenced and expressed tran- 
siently in Cos-7 cells and as a stable cell line in Ltk-. As was shown to be true for the RDC4 done, gene 1 1 - transfected 

20 cells were found to bind ^H-5-HT with high affinity, and to be insensltitlve to compounds having affinity for S-HT^a. 5- 
HT^B. 5-HTic, 5-HT2, 5-HT3. or 5-HT4 receptors. Additionally, the ability of low concentrations of 5-CT to compete with 
[ H]5-HT for binding to gene 1 1 -transfected cells exdudes the possibility that this gene encodes a 5-HTip or 5-HTie 
receptor. The pharmacological profile is shown in Table 1 . These data are consistent with the characterization of gene 
1 1 as encoding a 5-HT^q receptor. 

25 Table 1 demonstrates that arthough RDC4 (and peptide 8-30-84) and peptide 1 1 can both be classified as 5-HTid 
receptors, they have distinct pharmacological differences as well as distinct structures. These data demonstrate for the 
first time that the human 5-HT^ □ binding site constitutes not a single receptor but a family of receptors. Potential differ- 
ences in localization as well as pharmacology may be exploited in the future to develop powerful new drugs for selec- 
tively activating or inhibiting each of these 5-HTid receptor sites. 

30 In summary, we have doned two human S-HT^q receptors with differing pharmacological properties. This indicates 
that 5-HT 10 receptors constitute a receptor family rather than a single protein. In human brain, 5-HTid receptors have 
been shown to have the strongest representation In frontal cortex, putamen. caudate, both parts of the globus pallidus 
and the substantia nigra Lower amounts are found in the raphe nuclei, hippocampus, and accumbens. S-HT^q recep- 
tors have been implicated in a number of clinically important conditions including migraine, appetite, movement control, 

35 anxiety, and dementia. agonists such as sumatriptan, are now in dinical trials. Our data, showing that there are 

multiple subtypes of human receptors, opens a new avenue for drug discovery. Pharmacological differences in 

these 5-HT1D receptor subtypes, coupled with our exploration of possible differences in their localization, will likely lead 
to the development of more selective therapeutic agents with differential sensitivity for these subtypes. 

*^ Additional Experimental Data Relatino to Pharmacological Charact e rization of a Cloned Rat S-HT . p Receptor: Rela- 
tionship to t he Cloned 5-HT .jj^ Receptor 

The 5-HT1B and 5-HTio receptors display similarities in their pharmacology, second messenger coiflDling, and ana- 
tomical distribution. This dose relationship has led to the proposal that these receptors are species homologs, whereby 

*s the rat and mouse (and opossum) express the 5-HTib receptor and other spedes such as human, dog, bovine and 
guinea pig express the S-HT^o receptor (Hoyer and Middlemiss. 1989). The recent doning of a S-HT^o receptor 
(Branchek et al., 1990) has allowed access to a direct assessment of ttie relationship between these two receptors 
using molecular cloning techniques. To islolate the putative rat homolog of the 5-HTid gene, a rat library was screened 
at high stringency using a human S-HT^q sequence as a probe. A strongly hytxidizing signal was selected for study, 

0 subdoned. and transientiy transfected into a mammalian cell line (0)s-7). To identify the pharmacological profile of this 
receptor, radioligand binding assays were performed on a membrane fraction derived from the transfected cells. [^H]5- 
HT ar\ciV^^\]\ociocyanop\ndo{o\ a^^^lJI-CYP in the presence of 3 fiM isoproterenol to block endogenous p-adrenergic 
receptors) were used as radioligands. C^^f\\o6ocyar\op\n6o\o\ was found to bind to membranes derived from the trans- 
fected cells with subnanomolar affinity [Kd = 0.16 nM]. In contrast, the equilibrium dissociation constant for [^HJS-HT 

5 binding was 18.4 nM. These values were in marked contrast to those measured using the human 5-HT^o done ([^H]5- 
HT: Kd «= 4 nM; p^Sqi^yp. specific binding detected at 1 nM). The rauwoHia alkaloid rauwolsdne was essentially 
inactive (Kj > 1 0.000 nM) at the rat receptor as was dipropyl-5-cart3oxyamidotryptamine. The rank order of potendes for 
the compounds ^udied was 5-HT > (-) propranolol > 5 metfioxytryptamine > tryptamine > dipropyI-5-cartx>xyamidotryp- 
tamlne o rauwolsdne. These data dearly indicate that the gene isolated by homology with the human 5-HTid receptor 
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encodes a protein with pharnnacotogical properties which identify it as a S-HT^q receptor. Therefore, it appears that 
these receptors are species homologs which exhibit significant differences in pharnnacology. A similar situation has 
been descrived for the rat and human 5-HT2 receptors whcih have been cloned previously and shown to be highly 
homologous (Hartig et al.. 1990). However, the differences in the pharmacological properties of the 5-HTib/5-HTid 
receptors have been shown to be more rotxist than those of the rat 5-HT2/human S-HTg receptors. 

Claims 

1. A DNA sequence encoding a human S-HT^q receptor selected from; 



10 



(a) the DNA sequence of Figure 3 or a part thereof. 

(b) the DNA sequence of Figure 4 or a part thereof, with the proviso that a nucleic acid molecule encoding a 
human S-HT^o receptor, wherein the receptor has an amino, acid siequence encoded by the DNA sequence 
contained in plasmid pcEXV-8-30-84 (ATCC Accession No. 40790) or plasmid pSVL-1 1 (ATCC Accession No. 

15 40791). or part thereof which has the same binding properties as the human S-HT^d receptor as shown in 

Table 1 is excluded. 

2. A DNA sequence which is degenerate with respect to a DNA sequence of claim 1 . 

20 3. A DNA sequence having at least 65% homology to the DNA sequences of claim 1 or 2 and encoding a protein hav- 
ing essentially the same binding properties. 

4. A DNA sequence specifically hybridizing with the DNA sequence of claim 1 or 2 and encoding a protein having 
essentially the same binding properties. 

25 

5. A nucleic acid probe comprising a nucleic acid molecule of at least 1 5 nucleotides capable of specifically hybridiz- 
ing with a sequence according to any one of claims 1 to 4. 

6. A DNA protDe comprising a DNA molecule of at least 15 nucleotides capable of specifically hybridizing with a 
30 sequence included within the sequence shown in Figure 3 or Figure 4. 

with the proviso that a DNA probe comprising a DNA molecule of at least 15 nucleotides capable of specifically 
hytxidizing with a sequence included within the sequence contained in plasmid pcEXV-8-30-84 (ATCC Accession 
No. 40790) or plasmid pSVL-1 1 (ATCC Accession No. 40791) is excluded. 

35 7. An antisense oligonucleotide having a sequence capable of binding specifically to a sequence of a molecule 
selected from the group consisting of 

(a) an mRNA molecule which encodes a human S-HT^q receptor 

(b) the cDNA molecule as shown in Figure 3. 
40 (c) the cDNA molecule as shown in Figure 4. 

8. The antisense oligonudeottde according to claim 7 comprising chemical analogs of nucleotides. 

9. A vector comprising a DNA sequence according to any one of claims 1 to 7. 

45 

10. The vector according to claim 9. wherein said DNA sequence is under the control of regulatory elements allowing 
the expression in a desired host cell. 

1 1 . A plasmid comprising the vector of daim 9 or 1 0. 

50 

12. A host cell containing the plasmid according to daim 1 1 . 

1 3. The host cell according to daim 1 2 which is a badertal cell, a yeast cell or a mammalian cell. 
55 14. The host cell according to daim 13 which is an Ltk-1 1 cell. 

15. A human S-HT^o receptor protein selected from: 

(a) the human 54fTiQ receptor protein having the amino add sequence shown in Rgure 3 or a part thereof. 
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(b) the human S-HTiq receptor protein having the amino acid sequence shown in Figure 4 or a part thereof. 

-L 

16, The human 5-HTiq receptor protein encoded by the DNA sequence according to any one of claims 2 to 4 or a part 
thereof. 

A polypeptide having at least 65% homology to the amino acid sequence of Figure 3 or Figure 4 and having essen- 
tially the same binding properties or a part thereof. 

18. A methpd for determining whether a ligand not known to be capable of binding to a human receptor can 
bind to a human S-HT^d receptor which comprises contacting a mammalian cell comprising an isolated DNA mol- 
ecule encoding a human 5-HTid receptor with the ligand under conditions permitting binding of ligands known to 
bind to a 5-HTio receptor, detecting the presence of any of the ligand bound to a human S-HT^o receptor and 
thereby determining whether the ligand binds to a human 5-HTid receptor. 

19. A ligand detected by the method of claim 18, 

20. A method of screening drugs to identify drugs which specifically interact with, and bind to, the human 5-HTid recep- 
tor on the surface of a cell which comprises contacting a mammalian cell comprising an isolated DNA molecule 
encoding a human 5-HTi □ receptor with a plurality of drugs, determining those drugs which bind to the mammalian 
cell, and thereby identifying drugs which specifically interact with, and bind to. a human 5-HTid receptor. 

21. The method of claim 18 or 20, wherein the mammalian cell is nonneuronal in origin. 

22. The method of claim 21 , wherein the mammalian cell nonneuronal in origin is an Ltk-cell. 

23. A pharmaceutical composition comprising a drug identified by the method of claim 20 and a pharmaceutically 
acceptable carrier. 

24. A method of detecting expression of the 5-HTid receptor on the surface of a cell by detecting the presence of 
mRNA coding for a 5-HTid receptor which comprises obtaining total mRNA from the cell and contacting the mRNA 
so obtained with the nucleic acid probe of claim 5 under hybridizing conditions, detecting the presence of mRNA 
hybridized to the probe, and thereby detecting the expression of the S-HT^d receptor by the cell. 

25. A pharmaceutical composition comprising an amount of the oligonucleotide of claim 7 or 8 effective to reduce 
expression of a human 5-HTid receptor by passing through a cell membrane and binding specifically with mRNA 
encoding a human 5-HTid receptor in the cell so as to prevent its translation and a pharmaceutically acceptable 
hydrophobic carrier capable of passing through a cell membrane. 

A pharmaceutical composition of claim 25. wherein the oligonucleotide is coupled to a substance which inactivates 

mRNlA 
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mRNA. 

27. A pharmaceutical composition of claim 25 or 26. wherein the substance which inactivates mRNA is a ribozyme. 

28. A pharmaceutical composition according to any one of claims 25 to 27. wherein the pharmaceutically acceptable 
hydrophobic carrier capable of passing through a cell membrane comprises a structure which binds to a receptor 
specific for a selected cell type and is thereby taken up by cells of the selected cell type. 

29. The pharmaceutical composition according to any one of claims 25 to 28 for treating abnormalities which are alle- 
viated by reduction of expression of a S-HT^o receptor, wherein said pharmaceutical composition is effective to 
reduce expression of the 5-HTid receptor by the subject. 

30. The pharmaceutical composition according to any one of claims 25 to 28 for treating an abnormal condition related 
to an excess of receptor activity, wherein said pharmaceutical composition is effective to reduce expression 
of the 5-HTiD receptor by the subject. 

31- An antibody directed to a human 5-HTid receptor. 

32. A nrwnoclonal antibody directed to an epitope of a human 5-HTid receptor present on the surface of a cell and hav- 
ing an amino add sequence substantially the same as an amino add sequence for a cell surface epitope of the 
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human S-HJiq receptor included in the amino acid sequence shown in Figure 3 or 4. 

33. A pharmaceutical composition which comprises an amount of the antibody of claim 31 or 32 effective to block bind- 
ing of naturally occurring ligands to the 5-HTid receptor and a pharmaceutically acceptable carrier. 

34. The pharmaceutical conposition according to claim 33 for treating abnormalities which are alleviated by reduction 
of expression of a human 5-HTid receptor, wherein said pharmaceutical composition is effective to block binding 
of naturally occurring ligands to the S-HT^d receptor and thereby alleviate abnormalities resulting from overexpres- 
sion of a human S^HTiD receptor, 

35. The pharmaceutical composition according to claim 33 for treating an abnormal condition related to an excess of 
5-HTiQ receptor activity, wherein said pharmaceutical composition is effective to block binding of naturally occur- 
ring ligands to the S-HT^q receptor and thereby alleviate the abnormal condition. 

15 36. The pharmaceutical composition of claim 30 or 35. wherein the abnormal condition is dementia 

37. The pharmaceutical composition of claim 30 or 35 wherein the abnormal condition is Parkinson's disease. 

38. The pharmaceutical composition of claim 30 or 35 wherein the abnormal condition is an eating disorder. 

20 

39. The pharmaceutical composition of claim 30 or 35 wherein the abnormal condition is a pathological anxiety. 

40. The pharmaceutical composition of claim 30 or 35 wherein the abnormal condition is a migraine headache. 

25 41 . A method of detecting the presence of a human S-HT^ q receptor on the surface of a cell which comprises contact- 
ing the cell with the antibody of claim 31 or 32 under conditions permitting binding of the antibody to the receptor, 
detecting the presence of the antibody bound to the cell, and thereby detecting the presence of a human S-HT^q 
receptor on the surface of the cell. 



30 42. A transgenic nonhuman mammal expressing a DNA sequence according to any one of claims 1 to 4. 

43. A transgenic nonhuman mammal expressing DNA encoding a human 5-HT^o receptor so mutated as to be inca- 
pable of normal receptor activity, and not expressing native 5-HT^q receptor. 

35 44. A transgenic nonhuman mammal whose genome conprises antisense DNA complementary to DNA encoding a 
human S-HT^q receptor so placed as to be transcribed into antisense mRNA which is complementary to mRNA 
encoding a 5-HT^d receptor and which hybridizes to mRNA encoding a 5-HT-id receptor thereby reducing its trans- 
lation. 

40 45. The transgenic nonhuman mammal according to any one of claims 42 to 44. wherein the DNA encoding a human 
5-HTtD receptor additionally comprises an inducible promoter. 

46. The transgenic nonhuman mammal according to any one of claims 46 to 49, wherein the DNA encoding a human 
5-HTiD receptor additionally comprises tissue specific regulatory elements. 

45 

47. The transgenic nonhuman mammal according to any one of daims 46 to 50 which is a mouse. 

48. A method of determining the physiological effects of expressing varying levels of human 5-HTid receptors which 
comprises producing a transgenic nonhuman animal whose levels of human 5-HTid receptor expression are varied 

50 by use of an inducible promoter which regulates human 5-HTid receptor expression. 

49. A method of determining the physiological effects of expressing varying levels of human 5-HTio receptors which 
comprises producing a panel of transgenic nonhuman animals each expressing a different amount of human 5- 
HT^o receptor. 

55 

50. A method for identifying a substance capable of alleviating the abnormalities resulting from overexpression of a 
human S-HT^q receptor comprising administering a substance to the transgenic nonhuman mammal according to 
any one of claims 46 to 51 and determining whether the substance alleviates the physical and behavioral abnor- 
malities displayed by the transgenic nonhuman mammal as a result of overexpression of a human 5-HTid receptor. 
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51- A pharmaceutical composition comprising an amount of a substance effective to alleviate the abnormalities result- 
ing from overexpression of a human S-HT^ q receptor and a pharmaceutically acceptable carrier. 

52. The pharmaceutical composition according to claim 51 for treating the abnormalities resulting from overexpression 
of a human 5-HTid receptor, wherein said pharmaceutical composition is effective to alleviate the abnormalities 
resulting from overexpression of a human 5-HTiq receptor. 

53- A method for identifying a substance capable of alleviating the abnormalities resulting from underexpression of a 
human S-HT^ q r^eptpr comprising administering the substance, to the transgenic nonhuman mammal acgOfding 
to any one of claims 42 to 47 and determining whether the substance alleviates the physical and behavioral abnor- 
malities displayed by the transgenic nonhuman mammal as a result of underexpression of a human S-HTm recep- 
tor. 

54. A pharmaceutical composition comprising an amount of a substance effective to alleviate abnormalities resulting 
from underexpression of S-HT^q receptor and a pharmaceutically acceptable carrier. 

55- The pharmaceutical composition according to claim 54 for treating the abnormalities resulting from underexpres- 
sion of a human S-HT^d receptor, wherein said pharmaceutical composition is effective to alleviate the abnormali- 
ties resulting from underexpression of a human 5-HTid receptor 

56. A method for diagnosing a predisposition to a disorder associated with the expression of a specific human S-HT.n 
receptor allele which comprises: 

(a) obtaining DNA of subjects suffering from the disorder; 

(b) performing a restriction digest of the DNA with a panel of restriction enzymes: 

(c) electrophoretically separating the resulting DNA fragments on a sizing gel; 

(d) contacting the resulting ge! with a nucleic acid probe capable of specifically hybridizing to DNA encoding a 
human S-HT^q receptor and labelled with a detectable marker; 

(e) detecting labelled bands which have hybridized to the DNA encoding a human S-HT^d receptor labelled 
with a detectable marker to create a unique band pattern specific to the DNA of subjects suffering from the dis- 
order; 

(f) preparing DNA obtained for diagnosis by steps (a) to (e): and 

(g) comparing the unique band pattern specific to the DNA of subjects suffering from the disorder from step (e) 
and the DNA obtained for diagnosis from step (f) to determine whether the patterns are the same or different 
and to diagnose thereby predisposition to the disorder if the patterns are the same. 

57. The method of claim 56. wherein a disorder associated with the expression of a specific human 5-HTin receptor 
allele is diagnosed. 

58. A method of preparing the isolated S-HT^d receptor of claim 1 5 which conprises: 

(a) inducing cells to express 5-HTid receptor; 

(b) recovering the receptor from tiie resulting cells; and 

(c) purifying tiie receptor so recovered. 

59. A method of preparing the isolated S-HT^d receptor of claim 15 which comprises: 

(a) inserting nucleic acid encoding S-HT^d receptor in a suitable vector; 

(b) inserting the resulting vector in a suitable host cell; 

(c) recovering the receptor produced by the resulting cell; and 

(d) purifying tiie receptor so recovered. 

60. An antisense oligonucleotide having a sequence capable of binding specifically with any sequences of an mRNA 
molecule which encodes a receptor so as to prevent translation of the mRNA molecule. 

61. A transgenic rwnhuman mammal expressing DNA encoding a receptor. 

62. A transgenic nonhuman mammal expressing DNA encoding a receptor so mutated as to be incapable of normal 
receptor activity, and not expressing native receptor. 
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63. A method of determining the physiological effects of expressing varying levels of a receptor which comprises pro- 
ducing a transgenic nonhuman animal whose levels of receptor expression are varied by use of an inducible pro- 
moter which regulates receptor expression. 

5 64. A transgenic nonhuman mammal whose genome comprises antisense DNA complementary to DNA encoding a 
receptor so placed as to be transcribed into antisense mRNA which is complementary to mRNA encoding the 
receptor and which hybridizes tb mRNA encoding the receptor thereby preventing its translation. 

65. .A method for determining whether a |igand.rK>t known to be capable of bindirig to a receptor can bind to a receptor 
10 which comprises contacting a mammalian cell comprising an isolated DNA molecule encoding the receptor with the 
ligand under conditions permitting binding of ligands known to bind to a receptor, detecting the presence of any of 
the ligand t)Ound to the receptor, and thereby determining whether the ligand binds to the receptor. 

15 
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Figure 3 

-280 -260 -240 

TGTGGTTTAGGAAAGACCTTTAACTACCAGCTGCTAGTTGTCTCAGCATTCTO 

-220 -200 -180 

TCCGGTCTTCTTTAATAATATTA 

-160 ^ -140 -120 

ACTTAGAGAATAGTCTGGTCTTGAGACCTTTTCACTGTGGTC^ 

-100 -80 -60 

CCACCAGTGTGAAGCAGAAGGATGACTTTGCTCTGTTGTCAGGACAACC^^ 

-40 -20 0 

AGCCAAATGTGTGGAGGTCTGTGGGAAGAGAGAGCCACCTAGCATGTCCCCACTGAACCA 

M S P L N Q 

20 40 60 • 

GTCAGCAGAAGGCCTTCCCCAGGAGGCCrCCAACAGATCCCTGAATGCCACAGAAACCTC 
SAEGLP QEASNRSLNATETS 

80 100 120 

AGAGGCTTGGGATCCCAGGACCCTCCAGGCTCrCAAGATCTCCCTTCCOSTGCT 

EAWDPRTLQALKISLPVLLS 

140 160 180 

CGTCATCACACTGGCCACAGTCCTCTCCAATGCCTTTGTACrCACC^ 

V ITLATVLSNAFVLTTILLT 

200 220 240 

CAGGAAGCTCCACACCCCTGCCAACTACCTGATTGGCTCCCTGGCCACCACTO 

RKLHTPANYLIGSLATTDLL 

260 280 300 

GGTTTCCATCTTGGTAATGCCCATCAGCATGGCCTATACCATCACCCA<^ 

VSILVHPISMAYTITHTWNP 

320v 340 360 

TGGCCAJiATCTTGTGTGACATCTGGCTGTCCrC^ 

GQILCDIWLSSDITCCTASI 

380 400 420 

CCTGCATCTCTGTGTCATTGCTCTGGACAGGTACTGGGCAAT« 

LHLCVIALDRY WAI T D A L E Y 

440 460 480 

CAGTAAACGCAGGACGGCTGGCCACGCGGCCACCATGATCGCCATTGTCrGG^ 

SKRRTAGHA ATMIA IVWA IS 

500 520 540 

CATCTGCATCrCCATCCCCCCXSCTCTTCTGGCGGCAGGAAAAGGCCCAGG 

I C I S I P PL FW RQEKAQ E EMS 

560 580 600 

GGACTGTCTGGTGAACACCTCTCAGATCTCCTACACCATCTACTCCACC^ 

DCLVNTSQISYTIYSTCGAF 



5000: <EP_0787797A1J^ 



28 



EP 0 787 797 A1 



620 640 660 

CTACATTCCCTCGCTGTTGCTCATCATCCTATATGGCCGGATCTACCGGOCTGCCCGGAA 
YIPSVLLIILY G R IYRAA R N 

680 700 720 

CCGCATCCTGAATCCACCCTCACTCTCTGGGAAGCGCTTCACCACGGCCCACCTCATCAC 
RI LNPPSLSGKRFTTAHLIT 

740 760 780 

AGGCTCTGCCG<X5TCCGTCTGCTCGCTCAACTCCAGCCTCCATGAGGGGCACTCGCACTC 
GSAGSVCSLNSSLHEGHSHS 

800 820 840 

GGCTGGCTCCCCrCTCTTTTTCAACCACGTGAAAATCAAGCTTGCTGACAGT^ 

AGSPLFFNHVKIKLADSALE 

860 880 900 

ACGCAAGAGGATTTCTGCTGCrCGAGAAAGGAAAGCCACTAAAATCCTGGGCATCATTCT 
RKR ISAARERKATKILGI IL 

920 940 960 

GGGGGCCTTTATCATCTGCTGGCTGCCCTTCTTCGTGGTGTCTCTGGTCCTCCCCATCTG 
GAFIICWLPPPVVSLVLPIC 

980 1000 1020 

CCGGGACTCereCTGGATCCACCCGGGGCTCTTTGACrTCTTCACCTGGCTAGGerATTO 
RDSCWIHPGLFDFFTWLGYL 

1040 1060 1080 

AAACTCCCTCATCAATCCAATAATCTACACTGTGTTTAATGAAGAGTTTCGGCAACCTTT 
MSLINPIIYTVFNEEFRQAF 

1100 1120 1140 

TCACAAAATTGTCCCTTTCCGGAAGGCCrCCTAGTCTTATTCGATGAGGTAAAGAAACCT 
QKIVPFRKAS 

1160 1180 1200 

GCTTATG<3GClXKX;CAT<SGTGGCrCATGCCTGTGATCCCAGCACTTTGGGAAGCT^ 

1220 1240 1260 

GGAGGACTACTTGAGCTO^GGAGTTTGAGACCAGCCTGGGCACCATAGGGAGACCCCGTC 

1280 1-300 1^20 

TCTAACGACAACAACAGAAATTACCGGACATGGTGGAGCGCGCCAGTAGTCCCAGCTACT 
1340 

CGAGAGGCTGTGGCTACAGTGA 
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Figure 4 

-110 -90 -70 

AATGAGGAACCACGGAACACAACGGGAACAAACCGCGACGCCACGGTCCrrCCGCCCTCT 

-50 -30 -10 

CCTTCGTCCGCTCCATGCCCAAGAGCTGAGCTCCGCAGcreGGGCGAGGAGAGCCAT^ 

ME 

10 30 50 

GGAACCGGGTGCTCAGTGCGCTCCACCGGCGCa^GCGGGCrCCGAGACCTGGG-prCCTCA 
EPGAQCAPP APAGSETWVPQ 

70 90 110 

AGCCAACTTATCCTCTGCTCCCrCCCAAAACTC<y^GCGCaU^GGACTACATTTACCAGG^ 
AMLSSAPSQN CSAKDYIt QD 

130 150 170 

CTCCATCTCCCrACCCTGGAAAGTACTGCTGGTTATGCTATTGGCGCTO^TCACCrrGGC 
SISLPWKVLLVMLLALITLA 

190 210 230 

CACCACGCTCTCCAATGCeriTGTGATTGCCACAGTGTACCGGACCCGGAAACTGCAC^ 
TTLSNAFVIATVYRTRKLHT 

250 270 290 

CCCGGCTAACTACCTGATCGCCTCTCTGGACGTCACCGACCTGCTTGTGTCCATCCTGGT 
PANYLIASLDVTDLLVSILV 

310 330 350 

GATACCCATCAGCACCATGTACACTGTCACCGACCGCTGGACACTAAGCCAGGTGGTCTG 
IPI STMYTV TDRWTLSQVVC 

370 390 410 

TGACTTCTGGCTGTCATCGGACATCACTTGTTGCACTGCCTCO^TCCTGCACCTCTGTC 
DFWLSS DITCCTASILHLCV 

430 450 470 

CAT<XK:CCTGGACCCCrACTGGGCCATa^CGGACGCCWTGGAGTACTCACCTAAAAG^ 
^.iA^DR^WAITDAVEYSAKRT 

490 510 530 

TCCCAAGAG<^CGGCGGTCATGATCCCG<n^TGTGGGTCTTCTC<:JiTCTCrATCTCGCT 
PKRAAVMIALVWVFSISISL 

550 570 590 

GCCGCCCTTCTTCTGGCGTCAGGCTAAGGCCGAAGAGGAGGTGTCGGAATGCGTGGTGAA 
PPFFWRQAKAEEEVSECVVN 

€10 €30 650 

CACCGACCACATCCTCTACACTGTCTACTCCACGGTGGGTGCITITCTACTTCCCCACCCT 
TDHILYTVYSTVGAFYFPTL 

670 690 710 

GCTCCTCATCGCCCTCTATGGCCGCATCTACGTAGAAGCCCGCTCCCGGATTTTGAAACA 
LLIALYGRIYVEARSRILKQ 
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730 750 770 

GACGCCCAACAGGACCGGCAAGCGCTTGACCCGAGCCCAGCTGATAACCGACTCCCCCGG 
TPN .RTGKRLTRAQLITD S PG 

790 810 830 

GTCCACGTCCTCGGTCACCTCTATTAACTCGCGGGTTCCCGACGTGCCCAGCGAATCCGG 
STSSVTSIMSRVPDVPSESG 

8S0 870 890 

ATCTCC1X5TGTATGTGAACCAAGTCAAAGTGCGAGTCTCCGACGCCCTGCTGGAAAAGAA 
SPVYVNQVKVRVSDALLEKK 

910 930 950 

GAAACTCATGGCCGCTAGGGAGCG<aUUlGCaiCCAAGACCCTAGGGATCATTTTGGGAGC 
KLMAARERKATKTLGII LGA 

970 990 lOlO 

CPTTATTGTGTGTTGGCTACCCTrCTTCATCATCTCCCTAGTGAl^ 

FIV CWLPPFIISLVMPICKD 

1030 1050 1070 

TGCCrGCTGGTTCCACCTAGCCATCITTGACTTCTTCA<a^TGGCrGGGCTATC^ 

ACWFHLAI PDPFTWLGYLNS 

1090 1110 1130 

CCTCATCAACCCCATAATCTATACCATGTCCAATGAGGACTTTAAACAAGCATTCCATAA 
LINPII YTMSHEDFKQAFHK 

1150 1170 1190 

ACT6ATACGTTTAAGTG<a^CAAGTTGACTTGCCGTTTGCAGTGGGTCCCTAAGaSACCTT 
LIRLSAQVDLPFA VGP 

1210 1230 1250 

TGqGGACCAAGTTOTGTCTGGTTCCACAGCTAGGTCGAAT C T iViU n ' CCCGGTTTCTG^ 

1270 1290 1310 

TCCCAGCGAGGCTCTCTCTCCTGGGCAAGGGCAATGGATCCTGAGAAGCCA6AATAGTCC 

1330 1350 1370 

TGAGAGAGAGCTCTGAAGGAGAAGTGTTGAAACCAAATGTAGAGCTTCCCTGCCCAGGAe 

1390 1410 1430 

GAGGCTCACTTCCTCCCCTCAAGCCCCGGGCTGAGCACTGACCTGCGGCA6CCAATCCAA 

1450 1470 1490 

GGGGGTTCCAACTTTTAAAAATTGATATGGAAGCGAATCCCTGCCCTGCTTTGGTATCGT 

1510 1530 1550 

GATAATGCCCACTAGAAGCAGTGTACTGTAATTGTTGTCTGAAGCCTGTCTGAGACAGAT 
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